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EXECUTIVE SUMMARY 

This report presents the investigation procedures and results of the Resource Conservation and 
Recovery Act (RCRA) Facility Investigation (RFI) at Solid Waste Management Unit (SWMU) 
336 (the SWMU) at Marine Corps Base (MCB) Camp Lejeune, North Carolina (the Base). The 
primary goal of this RFI is to adequately characterize the SWMU and determine the potential for 
future corrective action (if any) based on risks to human health and the environment. 
Specifically, the field information generated during the RFI was used to meet the following 
objectives: 

Supplement and/or verify the environmental setting at the SWMU, including 
hydrogeology, geology, hydrology, topography, aquifer characteristics, and any other 
anthropogenic influences that may affect the hydrology or contaminant pathways at the 
SWMU. 

Characterize the source of contamination through collection of analytical data, and 
evaluate the migration and dispersal characteristics of the contamination. 

Characterize the extent, origin, direction, and rate of movement of contamination through 
collection of soil and groundwater samples in the vicinity of the SWMU. 

Evaluate potential receptors by collecting data describing human populations and 
environmental systems susceptible to contaminant exposure. 

Evaluate the risk of any contaminants associated with the SWMU to human health and 
the environment. 

Provide recommendations for site management. 

SWMU 336 is located in the Marine Corp Air Station (MCAS) New River area just south of 
White Road inside building AS-4106. It consisted of a pair of paint stripping vats located in a 
separate room within Building AS-4106. The years of operation for this SWMU are unknown. 
The old paint stripping vats have been removed and replaced with one new upgraded paint 
stripper. Concerns regarding the potential that stripping agents may have exited the building 
occupying the SWMU via a drain line prompted investigation of this SWMU. The RFI field 
activities included surface and subsurface soil sampling as well as groundwater sampling. 

To facilitate a comprehensive understanding of the nature and extent of contamination at the 
SWMU, data from this RFI was supplemented with information and data from the Phase I 
Confirmatory Sampling Investigation (CSI) (September 1997) and Phase I1 CSIs conducted in 
2002 and 2003, which included volatile organic compounds (VOCs), semivolatile organic 
compounds (SVOCs), and RCRA metals in soil and groundwater samples. The concentrations of 
constituents detected in the samples were compared to established regulatory-driven screening 
values. As a secondary comparison, metals detected at concentrations exceeding the regulatory- 
driven screening values were compared to background screening values developed for Camp 
Lej eune . 

Detections of methylene chloride and cadmium have exceeded the applicable screening criteria in 
soils. These detections are limited to sample locations SWMU336-TW01-00 and SWMU336- 
TW04-04. There is little correlation between soil and groundwater contamination at the SWMU. 
Neither methylene chloride nor cadmium was detected in the groundwater. Both of these 
contaminants could be attributable to SWMU related activities. 



Groundwater contamination is limited to tetrachloroethene (PCE) in shallow groundwater. PCE 
was detected in three of the six temporary wells installed during the Phase I1 CSI activities in 
2002 and 2003. These three detections exceeded the North Carolina 2L Standard of 0.7 ug/L and 
the USEPA Tap Water PRG of 0.66 ug/L. Groundwater samples collected during the RFI 
revealed no other detections exceeding the applicable screening criteria. Therefore, the 
groundwater contamination was localized around those three temporary well locations. The 
observed PCE contamination in groundwater is likely due to SWMU-related activities, but there 
is no clear source evident in shallow soils. PCE is typically used as a degreasing agent and likely 
used prior to paint stripping activities at the SWMU. 

Current land use scenarios were evaluated in the baseline Human Health Risk Assessment 
(HHRA) for SWMU 336. There were no unacceptable carcinogenic risks or adverse 
noncarcinogenic hazard levels calculated that exceeded USEPA's acceptable criteria for the 
current military Base personnel, future adolescent trespasser, or future construction worker. 

There were no adverse noncarcinogenic health hazards calculated that exceeded USEPA's 
acceptable criteria for the future adult and child residents. The total Incremental Lifetime Cancer 
Risk (ILCRs) exceeded the USEPA acceptable range of 1 x 10'06 to 1 x 10-O4 for the future adult 
and child residents when considering the Reasonable Maximum Exposure (RME), or reasonable 
maximum exposure, scenario. This is caused by ingestion of and dermal contact with PCE in the 
shallow groundwater. However, it should be noted that the total ILCRs for the adult and child 
were within USEPA's acceptable range under the Central Tendency (CT), or average, exposure 
scenario. 

It should also be noted that the maximum detected concentration of PCE in the groundwater data 
set came from sample location SWMU336-GW01, which was collected from temporary well 
SWMU336-TWO1 during the Phase I1 CSI. It should be noted that PCE was not detected in any 
of the groundwater samples collected during the RFI. Furthermore, the maximum detected 
concentrations were used in the risk calculations because there was no definitive plume found at 
this SWMU. The use of maximum concentrations from SWMU336-GW01 likely overestimates 
the actual risks to these receptors fi-om the SWMU. It is also unlikely that the shallow 
groundwater at the SWMU would be used as potable water source. 

Therefore, based on the quantitative results of the baseline HHRA, unacceptable risk was 
calculated for future residents upon exposure to groundwater investigated at the SWMU. 
However, consideration should be given to the conservatism added to the groundwater exposure 
evaluation. 

Based on the results of the Screening Level Ecological Risk Assessment (SLERA) and Step 3A 
of the Baseline Ecological Risk Assessment (BERA) at SWMU 336, none of the 75 chemicals 
identified as ecological COPCs are recommended for further evaluation. Surface soils at the 
SWMU are not indicated to pose unacceptable risks to ecological receptors and no further 
evaluation is recommended. 

No aquatic habitat was present at SWMU 336. The groundwater exposure pathway was 
evaluated to determine if there was the potential for off-site risk to aquatic receptors via the 
discharge of contaminated groundwater from the site. This pathway was determined to be 
incomplete; therefore, no unacceptable ecological risk to aquatic habitat is posed by the SWMU. 

Future actions with respect to groundwater are recommended because PCE detected in samples 
from the temporary monitoring wells were above the North Carolina 2L Standards. These actions 



may include installing monitoring wells in locations where sample numbers SWMU336-TW01, 
SWMU336-TWO3 and SWMU336-TWO6 were collected and resampling the groundwater in the 
vicinity of these samples. If the PCE detections are duplicated, then additional monitoring wells 
could be installed in a manner that would promote long-term monitoring at this site. If the PCE 
detections are not duplicated, then a third sample could be collected fiom the monitoring wells 
and no hrther action should be implemented at the site if the most recent results indicate that the 
PCE detections can not be duplicated. 



1.0 INTRODUCTION 

This report presents the investigation procedures and results of the Resource Conservation .and 
Recovery Act (RCRA) Facility Investigation (RFI) at Solid Waste Management Unit (SWMU) 
336 (the SWMU) at Marine Corps Base (MCB) Camp Lejeune, North Carolina (the Base). The 
SWMU location at the Base is depicted on Figure 1-1. This report has been prepared by Baker 
Environmental, Inc. (Baker) under Contract Task Order (CTO) 0091 of the Department of the 
Navy's (DON'S) Comprehensive Long-Term Environmental Action Navy (CLEAN) Program. 
Baker was subcontracted to CH2M Hill for implementation of this project. 

1.1 Regulatorv History 

The Base was issued a RCRA Part B Pennit to operate a hazardous waste container storage 
facility in September 1984. This permit was issued before enactment of the Hazardous and Solid 
Waste Amendments of 1 984 (HSWA), which under Section 3004(u) empowers the United States 
Environmental Protection Agency (USEPA) to order corrective action at treatment, storage, and 
disposal (TSD) facilities. This section of the HSWA requires corrective action to be taken for all 
releases of hazardous waste or hazardous constituents from any SWMU. As a result, a revised 
Hazardous Waste Management Permit was issued on January 10, 1997 and included corrective 
actions for SWMUs. 

The USEPA Region IV and the North Carolina Department of Environment and Natural 
Resources (NC DENR) conducted an initial RCRA Facility Assessment (RFA) at the Base in 
January 1989. The RFA included 76 SWMUs. Seven of the SWMUs required confirmatory 
sampling; 23 of the SWMUs required an RFI; 46 of the SWMUs required no further action. The 
initial RFA was later expanded to include units such as landfills, surface impoundments, waste 
piles, tanks, container storage areas, septic tanks, drain fields, waste treatment units, and storm 
water conveyances. More than 3,500 SWMUs were identified during a preliminary review of 
Base records. Visual site inspections were conducted at nearly 500 of these SWMUs. The 
findings from the RFA are presented in RCRA Facility Assessment Report for Marine Corps 
Base, Camp Leieune, North Carolina (Environmental Safety and Design, Inc. [Ensafe], 1996). 

The 1996 RFA Report identified 41 Installation Restoration (IR) Program sites, 112 underground 
storage tank (UST) sites, and 56 SWMUs that required confirmatory sampling or corrective 
measures. Based on further negotiations between NC DENR and the Base, 62 SWMUs required 
confirmatory sampling. The Confirmatory Sampling Investigation (CSI) was completed in two 
phases. Phase I was conducted by Baker in 1997 and included a soil investigation in the vicinity 
of these 62 SWMUs. Phase I1 was conducted by Baker in 2002 and 2003 and included additional 
soil sampling and a groundwater investigation at 41 of the SWMUs that warranted additional 
investigation at the conclusion of Phase I. In addition, six new SWMUs were included in the 
Phase I1 CSI thus increasing the number of SWMUs to 47. Of these 47 SWMUs, it was 
recommended that 30 SWMUs required no hrther action, five SWMUs required interim 
measures, one SWMU required an RFIIinterim measures, and 11 SWMUs required RFIs. SWMU 
336 was one of the SWMUs requiring a RFI. The findings from the Phase I and I1 CSIs are 
presented in the Phase I Confirmatory Sampling Report (Baker, 2001) and Final Phase I1 
Confirmatory Sampling Report (Baker, 2005). 

1.2 SWMU Description and Historv 

SWMU 336 consists of a former paint stripping vat located in a separate room w i t h  Building 
AS-41 06 at MCAS New River. The vat included one tank for methylene chloride and another vat 
of rinse water. The floor beneath the vats is concrete with two floor drains located on either side 



of the vats. A spill kit is located near the exit doors. Spills that occur at this SWMU are properly 
contained and cleaned up, according to Base personnel. 

Sediment samples were proposed to be collected from the floor drains as part of the Phase I CSIs 
that were conducted in September 1997. The purpose of the sediment sampling was to determine 
if a release(s) occurred at the SWMU because the contaminated material would most likely exit 
the SWMU via the floor drains. However, the floor drains contained no sediment that could be 
sampled. 

A new stripping vat was installed in 1999 and was upgraded to a larger unit in 2004. The new vat 
is an automated system and uses solvents less harmful to the environment. Solvents considered 
less h a n d 1  include cleaners and patented strippers without phenol, chrome, methanol, toluene, 
methylene chloride or hazardous pollutants of any kind. This system has greatly reduced the 
amount of hazardous waste generated and reduced the potential exposure to personnel at the 
s w u .  

The Phase I1 CSI (Baker, 2005) was conducted in MarcWApril 2002. Additional samples were 
collected during a supplemental Phase 11 investigation conducted in JuneIJuly 2003. The purpose 
of the CSI was to evaluate potential impacts to soil and groundwater in the vicinity of the 
SWMU. The field investigations included the following: 

Soil sampling at six temporary well borings advanced within the vicinity of the drain 
lines exiting the room with the paint stripping vats 

Groundwater sampling at six temporary wells 

The soil and groundwater samples were submitted to the laboratory and analyzed for VOCs, 
SVOCs, and RCRA metals. Based on evaluation of the results, one VOC (methylene chloride) 
and one metal (cadmium) were detected in soil at concentrations exceeding the screening values. 
The isolated and limited extent of methylene chloride and cadmium suggest that neither 
constituent represents a confirmed release from the SWMU, nor do they represent a significant 
impact to soil. The detection of tetrachloroethene (PCE) in groundwater at concentrations 
exceeding the screening value indicated that additional investigation would be warranted in order 
to understand the extent of impact on the groundwater in the vicinity of the SWMU. Therefore, a 
RFI was recommended to adequately characterize the SWMU and determine the potential for 
future corrective action (if any) based on risks to human health and the environment. 

The primary goals of this RFI were to adequately characterize the SWMU, and to determine the 
potential for future corrective action (if any) based on risks to human health and the environment. 
Specifically, the field information generated during the RFI was used to meet the following 
objectives: 

Supplement andlor verify the environmental setting at the SWMU, including 
hydrogeology, geology, hydrology, topography, aquifer characteristics, and any other 
anthropogenic influences that may affect the hydrology or contaminant pathways at the 
SWMU. 

Characterize the source of contamination through collection of analytical data, and 
evaluate the migration and dispersal characteristics of the contamination. 



Characterize the extent, origin, direction, and rate of movement of contamination through 
collection of soil and groundwater samples in the vicinity of the SWMU. 

'- 

Evaluate potential receptors by collecting data describing human populations and 
environmental systems susceptible to contaminant exposure. 

Evaluate the risk of any contaminants associated with the SWMU to human health and 
the environment. 

Provide recommendations for site management. 

1.4 References 
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2.0 FIELD INVESTIGATION 

The field investigation for the RFI was conducted by Baker in January and February, 2005 and 
included the following tasks: 

Surface and Subsurface Soil Sampling 
Groundwater Grab Sampling 
Piezometer Installation 
Field Quality AssuranceIQuality Control (QAIQC) 
Laboratory Analytical Program 
Investigation Derived Waste (IDW) Handling 
Sitesurvey 

The following sections present a general overview of the, investigation procedures; detailed 
investigation procedures are presented in the Site-Specific Work Plans for SWMUs 30313 18 and 
336 (Baker, 2005) and Master Proiect Plans (Baker, 2003) for the RCRA Program. A summary - 
of the sampling and analytical program is presented on Table 2-1. The soil boring and 
groundwater grab locations are shown on Figure 2-1. 

2.1 Surface and Subsurface Soil Sam~ling 

Surface and subsurface soil samples were collected from 4 borings. These borings were placed 
surrounding the SWMU and temporary well boring locations (Figure 2-1) from the CSI. Fifteen 
soil borings were proposed at SWMU 336. However, based on results from the on-site mobile 
lab, eleven of the proposed borings were eliminated because they were not deemed necessary to 
delineate soil contamination. 

A single soil boring (SWMU336-SB01) was advanced to determine the depth of the Belgrade 
semi-confining unit and to determine the depth for the groundwater grab samples. Based on the 
geology encountered in this boring, the Belgrade semi-confining unit was encountered at 
approximately 25 feet bgs 

Each boring was advance to the water table (approximately 8 feet bgs) using a truck-mounted 
drill rig and direct push methods. Soil samples were collected continuously in 4-foot increments 
using a ~ e o ~ r o b e @  Macrocore sampler and field screened for total volatile organic vapors using a 
photoionization detector (PID). Soils were classified in the field as they were encountered. Soil 
descriptions, including estimates of grain size, relative density, moisture content, coloration, odor, 
and other visual observations were recorded in the field logbook and on Test Boring and 
Piezometer Construction Records (Appendix A). 

Three soil samples from each boring were selected for chemical analyses based on sample depth, 
lithologic location, andlor field observations indicative of contamination (e.g., elevated PID 
readings, discoloration, etc.). If no evidence of contamination was observed, then the default 
sample depths were at the surface or just below the concretelsubbase, at the soiVgroundwater 
interface, and half way between the surface and the soil/groundwater interface. The samples were 
placed into appropriate, laboratory-supplied sample containers and analyzed in the field for VOCs 
in a mobile laboratory using gas chromatograph~mass spectroscopy (GCIMS) methods. 
Approximately 10 percent of the samples were submitted to a fixed-base laboratory and analyzed 
for TCL VOCs to confirm the mobile laboratory data and provide comparative data. h addition, 
one sample from each boring was submitted to the fixed-base laboratory and analyzed for RCRA 
metals. Subsequent to sampling, the borings were backfilled with bentonite. 



2.2 Groundwater Grab Sampling 

Groundwater grab samples were collected from six borings and analyzed for VOCs in an attempt 
to determine the extent of contamination. Groundwater contamination was not found in any of 
the six locations. Fifteen borings were originally proposed in the work plans to delineate the 
groundwater contamination. Based on the results from the mobile lab, nine of these groundwater 
grab locations were eliminated. 

As stipulated in the work plans, two groundwater grab samples were collected from each boring 
within the following specified depths: 

Near the upper portion of the surficial aquifer 12'to 16 feet bgs 

Within the deeper portion of the surficial aquifer abovelwithin the Belgrade serni- 
confining unit 22 to 26 feet bgs 

The groundwater grab samples were collected using a 4-foot long, stainless steel, discrete sampler 
that was hydraulically pushed to the desired depth. The cover of the sampler was then retracted, 
thus allowing groundwater to flow into the device for sampling. The samples were retrieved 
using a peristaltic pump and new tubing for each sample. Prior to sample collection, groundwater 
was purged from the borehole for several minutes to reduce the turbidity to the extent practical. 
The samples were placed into appropriate, laboratory-supplied sample containers and analyzed in 
the field for VOCs using a mobile laboratory and GCIMS methods. Approximately 10 percent of 
the samples were submitted to a fixed-base laborato~y and analyzed for TCL VOCs to c o n f m  
the mobile laboratory data and provide comparative data. Subsequent to sampling, the borings 
were backfilled with bentonite. I 

2.3 Piezometer Installation 

Analytical results from the mobile lab did not indicate any VOC concentrations exceeding the 
North Carolina 2L Standards in the twelve groundwater grab samples collected. Since it 
appeared that minimal environmental impact to groundwater had occurred in the vicinity of the 
SWMU, the groundwater monitoring wells originally proposed in the work plans were 
eliminated. A request was made to NC DENR to allow us to eliminate these wells in an email 
and acceptance was received in the same format on February 16,2005. 

In order to confirm the groundwater flow direction, piezometers were installed at groundwater 
grab locations SWMU336-GW01, SWMU336-GW08, and SWMU336-GW10 (see Figure 2-1). 
The construction details for the temporary wells installed during the Phase I1 CSI and the 
piezometers installed during this RFI are presented in Table 2-2. Water level measurements 
collected in the field are also included in Table 2-2. 

The piezometers were installed using GeoprobeB direct push methods. A ~ e o ~ r o b e @  Macrocore 
was driven to approximately 18 feet bgs. The macrocore was extracted leaving an open borehole. 
The piezometers were constructed, as directed by the on-site geologist, using 1-inch ID, Schedule 
40, polyvinyl chloride (PVC) well casing and screen materials. Well screens used for the 
piezometer construction were 10-foot long with a slot size of 0.010 inches. The annular space 
around the well screen was backfilled with well-graded, fine sand. The sand was extended to 
approximately 2 feet above the top of the screened interval. A bentonite seal was placed above 
the sand pack and hydrated with potable water, as necessary. After the groundwater levels were 



collected and the survey was completed, all three piezometers were abandoned and backfilled 
with bentonite on February 19, 2005. 

2.4 Field Oualitv Assurance/Oualitv Control 

Field QAIQC samples included three trip blanks; two equipment rinsate blanks, and three field 
blanks. Field duplicate samples and matrix spikelmatrix spike duplicates (MSNSD) were 
collected at a frequency of 10% and 20%, respectively. Table 2-1 provides a summary of QNQC 
samples collected, as well as sources of equipment rinsate and field blanks. 

Trip blanks were samples of analyte-free water prepared at the laboratory before commencement 
of the sampling event and shipped to the sampling team along with the unopened sample 
containers. The trip blanks were then randomly selected and included in each cooler containing 
samples for volatile organics analysis. The results were evaluated by the data validator to verify 
that the sample containers and method of sample container handling used throughout the 
sampling program have not contributed to contamination of the samples. In addition, the results 
were used to identify other potential sources of field or laboratory contamination. 

Equipment rinsate blanks were collected by running laboratory-grade, deionized water 
over/through the sampling equipment and placing it into the appropriate sample containers for 
laboratory analyses. The results were evaluated by the data validator to verify that the sampling 
equipment has not contributed to contamination of the samples. Equipment rinsates were 
collected as follows: 

ERO1-020205 - Collected from dedicated polyethylene tubing used for groundwater 
sampling; 

ER02-020405 - Collected from an acetate sleeve used in the macro core sampler; 

One field blank was collected from sources of water used during each phase in the 
decontamination process. The field blanks were collected by pouring water from the original 
source directly into the sample bottle set. The results were evaluated by the data validator to 
verify that the water used in decontamination has not contributed to contamination of the 
samples. In addition, the results were used to identify other potential sources of field or 
laboratory contamination. Sources of water sampled include the potable water source located at 
the wash pad, the distilled water purchased from Foodlion, and the deionized water provided by 
the laboratory for use in the equipment blanks. 

Field duplicate samples consisted of one unique sample, split into two aliquots, and analyzed 
independently for the same parameters as the corresponding original samples. The duplicate soil 
sample was homogenized and split. The duplicate water sample was collected simultaneously. 
The results were evaluated by the data validator to verify the reproducibility of the laboratory 
results and degree of variability of reported concentrations. Duplicates samples were collected 
for both the mobile laboratory and fixed-based laboratory. The analytical results for these 
samples are summarized in tables included in Appendix D. 

MSNSD samples were prepared in the field using the same procedures as duplicate samples and 
analyzed for the same parameters as the corresponding original samples. The results were 
evaluated by the data validator to address aliquoting reproducibility and to provide information 
on matrix reproducibility otherwise unobtainable from samples reported below analytically 
reproducible and statistically valid levels. MSMSD samples were collected for both the mobile 



laboratory and fixed-based laboratory. The analytical results for these samples are summarized in 
tables included in Appendix D. 

2.5 Laboratorv Analvtical Program 

Soil and groundwater grab samples were analyzed in the field by New AgeILandrnark Mobile 
Laboratory Services located in Benton Harbor, Michigan. These samples were analyzed for TCL 
VOCs using Solid Waste (SW) 846 Method 8260B. 

As indicated in Sections 2.1 and 2.2, approximately 10 percent of the samples collected for on- 
site analysis were submitted to a fixed-base laboratory for confirmation. These samples were 
stored on ice in coolers at approximately 4 degrees Celsius (or less) and delivered by Federal 
Express to Katahdin Analytical Services, Inc. Chain-of-Custody Forms were completed and 
enclosed in the shipping packages. These samples were analyzed for one or more of the 
following analytical suites in accordance with the USEPA Contract Laboratory Program (CLP) 
Statement of Work (SOW) or SW846 Methods: 

TCL VOCs using Organic Low Medium (OLM) 04.2104.3 
RCRA Metals using Inorganic Low Medium (EM) 04.1160 10Bt7470A 

Copies of the Chain-of-Custodies are included in Appendix B of this report. 

2.6 Investigation Derived Waste Handling 

IDW included potentially contaminated soil, groundwater, decontamination fluids, personal 
protective equipment (i.e., gloves and other health and safety disposables), and general trash. 
Soil cuttings/excess soil samples were containerized in Department of Transportation (DOT) 
approved 55-gallon drums. Groundwaterldecontamination fluids were containerized in a poly- 
tank. The drums and poly-tank were staged in a designated area at SWMU 30313 18 pending final 
disposition. Personal protective equipment and general trash were placed in garbage bags and 
disposed of in Baker's regular trash dumpster located by at Lot 203. 

The soil and water IDW were sampled and disposed of by the Remedial Action Contractor (RAC) 
(Shaw Environmental & Infrastructure, Inc). 

2.7 Site Suwev 

The sample locations were surveyed by Baker for horizontal position within the North Carolina 
State Plane Coordinate System using mapping-grade global positioning system (GPS) equipment 
(Trimble Pro XRS with a TSCE Data Collector). The horizontal accuracy was within 
approximately 3 feet. 

All sample locations and piezometers were surveyed by Lanier Surveying of Jacksonville, North 
Carolina for topographic elevation relative to mean sea level (msl) and horizontal position within 
the North Carolina State Plane Coordinate System. The vertical accuracy of the survey was 
within 0.01 feet and the horizontal accuracy was within 0.1 feet. 
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TABLE 2-1 

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM 
SWMU 336 

RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Notes: 

bgs - below ground surface 
VOC - Volatile Organic Compound 



WELLiPIEZOMETER CONSTRUCTION DETAILS AND WATER LEVEL MEASUREMENTS 

SWMU 336 

RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Notes: 
msl = Mean Sea Level 
bgs = Below Ground Surface 
N/A =Not Applicable 
PVC = Polyvinyl chloride 
Depth to groundwater for piezometers as measured on February 18,2005 

Groundwater 
Elevation 
(feet, bgs) 

12.34 
12.70 
14.03 
14.00 
13.86 
13.92 
12.25 
11.78 
12.32 

Depth to 
Groundwater 
(feet, below 

top of casing) 

11.70 
1 1.60 
12.56 
9.42 
12.56 
13.17 
9.69 
12.44 - 

Screen 
Interval 
Depth 
(feet, 

bgs) 
5 
5 
8 
6 
7 
7 
8 
8 

Well No. 

SWMU336-TWO 1 
-. - 

SWMU336-TWO2 
SWMU336-TWO3 
SWMU336-TWO4 
SWMU336-TWO5 
SWMU336-TWO6 
SWMU336-PZ01 
SWMU336-PZ08 

Date 
Installed 

3/20/2002 
3/20/2002 
6/23/2003 
6/23/2003 
6/23/2003 
6/23/2003 
211 812005 
211 812005 

SWMU336-PZ1O - 211 812005 

Consultant 
Supervising 

Well 
Installation 

BAKER 
BAKER 

BAKER 
BAKER 
BAKER 
BAKER 
BAKER -- 

Well Depth 
(feet, bgs) 

16 
15 
18 
16 
17 
17 
18 
18 -- 

BAKER 23.64 NIA 
- 

16 4 

Top of PVC 
Casing 

Elevation 
(feet, above 

msl) 

24.04 
24.30 

BAKERpp 26.59 
23.42 
26.42 
27.09 
21.94 
24.22 

16 1 6 11.32 

Depth to 
Sand Pack 
(feet, bgs) 

3 
3 
6 
4 
5 

5.5 
6 
6 

Depth to 
Bentonite 
(feet, bgs) 

1 
1 
5 
3 
4 
4 
1 
1 - 

Ground 
Surface 

Elevation 
(feet, above 

msl) 

24.1 
24.4 
N/ A 
N/ A 
N/A 
N/A 
N/A 
N/ A 

Boring 
Depth 
(feet, 

bgs) 
16 
15 
12 
12 
12 
16 
18 
18 







3.0 PHYSICAL CHARACTERISTICS 

A sufficient understanding of the nature and extent of contamination as well as fate and transport 
of those constituents requires an understanding of the physical environment context in which the 
contamination occurs. The subsections that follow present information to support an 
interpretation of the physical environment, including topography and surface hydrology, potable 
water supply, and geology and hydrogeology from a regional and SWMU-specific perspective. 

3.1 Topographv and Surface Hvdrolo~y 

SWMU 336 (the paint stripper) is located inside Building AS-4106, on the northwest side of the 
building. The overall topography in the vicinity of the study area is flat to gently sloping. The 
surface elevation at White Street is approximately 24-feet above msl. The surface elevation of 
the asphalt storage area, to the northwest of AS-4106, is approximately 23.4-feet above msl. A 
concrete drainage channel designed to convey surface water runoff is located northwest of the 
SWMU and southeast of White Street. 

Surface water flow across the study area is controlled. Due to the developed nature of the study 
area, rainwater runoff is collected in roof gutters, storm water sewer inlets in parkingtstorage 
areas, and in drainage ways along roads. Direct infiltration occurs in the limited grassy areas 
found along side building AS-4106. During heavy rain events, it is assumed that all surface water 
flows to the storm water system. 

3.2 Potable Water Supplv 

Information concerning the potable water supply at the Base was derived from the Wellhead 
Protection Plan - 2002 Update (AH Environmental Consultants [AH], 2002), interviews with 
Base personnel, and other literature sources referenced herein. Potable water for the Base is 
derived entirely by groundwater. The Base does not have established groundwater preservation 
areas. However, because the Base controls more than 236 square miles of land, and because much 
of this land has remained undeveloped, the undeveloped areas serve the function of groundwater 
preserves. Groundwater usage is roughly eight million gallons per day (gpd) (Cardinell, et al., 
1993). Groundwater is pumped from approximately 84 water supply wells located within the 
boundaries of the Base. According to Base personnel, groundwater is treated at five plants 
located at Hadnot Point, Holcomb Boulevard, MCAS New River, Courthouse Bay, and Onslow 
Beach. The treatment plants have a maximum total capacity of 15.8 million gpd. However, at 
this time the Base population only requires 6.5 million gpd. 

The water supply wells at the Base, withdraw water from the Castle Hayne aquifer. The Castle 
Hayne aquifer is a highly permeable, semi-confined aquifer that can yield several hundred to 
1,000 gallons per minute (gpm). The water supply wells, typically 8-inches in diameter, average 
162 feet in depth and yield 174 gpm (Harned, et al., 1989). The water is typically a hard, calcium 
bicarbonate type. 

Figure 3-1 shows the SWMU in relation to nearby water supply wells. The nearest active water 
supply well (PSWAS-4150) is located approximately 1250-feet hydraulically side-gradient of the 
SWMU. Based on information presented in the Wellhead Protection Plan, the average pumping 
capture zone (10 year) around well PSWAS-4150 is approximately 300 feet. The maximum 
pumping capture zone (10 year) around well PSWAS-4150 is approximately 1000 feet. Thus, 
with the distance from the SWMU, and because the well is side-gradient of the SWMU, it is 



improbable that any release from the study area would impact well PSWHP-4150. This scenario 
will be addressed in the fate and transport section of this report. 

3.3 Geologic and Hvdrogeologic Framework 

Site-specific geologic and hydrogeologic information was obtained from soil borings and 
monitoring wells drilled at the SWMU. In addition, available geologic publications and mapping 
were reviewed. This information is discussed in context of the regional framework presented 
below. 

3.3.1 Regional Framework 

The Base is located within the Tidewater region of the Atlantic Coastal Plain physiographic 
province. The sediments of the Atlantic Coastal Plain consist mostly of interbedded sands, silts, 
clays, calcareous clays, shell beds, sandstone, and limestone. These sediments are layered in 
interfingering beds and lenses that gently dip and thicken to the southeast to a combined thickness 
of approximately 1,500 feet. The sediments were deposited in marine or near-shore environments 
and range in age from early Cretaceous to Quaternary time. Regionally, the sediments comprise 
10 aquifers and nine confining units, which overlie igneous and metamorphic basement rocks of 
the pre-Cretaceous age. Seven of these aquifers and their associated confining units are present at 
the Base (Cardinell, et al., 1993). Table 3-1 presents a generalized stratigraphic column for Jones 
and Onslow Counties, North Carolina. A hydrogeologic section location plan and hydrogeologic 
cross-sections of the Base are presented in the Hvdroneologic Framework of U.S. Marine Corps 
Base at Camp Lejeune, North Carolina (Cardinell, et al, 1993). 

United States Geological Survey (USGS) studies performed by Harned, et al., 1989 and 
Cardinell, et al., 1993 indicate that the Base is underlain by sand and limestone aquifers separated 
by confining units of silt and clay. These aquifers include the surficial (water table), Castle 
Hayne, Beaufort, Peedee, Black Creek, and upper and lower Cape Fear. Less permeable clay and 
silt beds function as confining units or semi-confining units that separate the aquifers and impede 
the flow of groundwater between aquifers. 

Historically, only the upper two aquifers have been impacted by Base activity, namely the 
surficial aquifer and the Castle Hayne aquifer. The surficial unit consists of interfingering beds of 
sand, clay, sandy clay, and silt that contain some peat and shells in the undifferentiated formation. 
According to information presented by the USGS, the undifferentiated formation/surficial aquifer . 

is approximately 15 to 25 feet thick in the vicinity of the Hadnot Point industrial area. Although 
this aquifer is classified as GA (i.e., existing or a potential source of drinking water supply for 
humans), it is not used as a potable water source at the Base because of its low yielding 
production rates (typically less than 3 gpm). The Belgrade formation consists of clay, sandy clay, 
and silt beds and is part of the Castle Hayne confining unit. Practically though, the Belgrade 
formation tends to be semi-confining in nature because it is laterally discontinuous. The 
thickness of this unit ranges from approxipately 0 to 26 feet and typically averages 9 feet where 
present, with no discernible thickness trend. The Castle Hayne aquifer primarily resides within 
the River Bend Formation, which consists of sand, cemented shells, and limestone. The upper 
portion of the aquifer primarily consists of calcareous sands with some thin clay and silt beds. 
The sand becomes increasingly more limy with depth. The lower portion of the aquifer consists 
of partially unconsolidated limestone and sandy limestone interbedded with clay and sand. In 
addition, buried paleostream channels containing various deposits exist within the aquifer. 
According to information presented by the USGS, the Castle Hayne aquifer is approximately 350 
feet thick in the vicinity of the Hadnot Point industrial area. 



Recharge to the surficial aquifer is by rainfall. The aquifer receives more recharge in the winter 
than in the summer when much of the water evaporates or is transpired by plants before it can 
reach the water table. Most of the surficial groundwater is discharged to local streams, but some 
water passes through the underlying semi-confining unit. Recharge is estimated to average 30 
percent of an average rainfall of 52 inches per year. The remaining 70 percent of rainfall is lost 
as surface runoff or evapotranspiration. Water levels in wells tapping the surficial aquifer vary 
seasonally. The water table is generally highest in the winter and spring, and lowest in the 
summer and early fall. Recharge of the Castle Hayne aquifer at the Base is primarily received 
from the surficial aquifer. Natural discharge is to the New River and its major tributaries. 
Although the Castle Hayne aquifer provides approximately seven million gallons of water to the 
Base, groundwater pumping has not significantly affected natural head gradients in the aquifer. 

Hydraulic conductivities of the surficial and Castle Hayne aquifers have been estimated through 
various studies and have been found to vary significantly from study to study as well as spatially. 
The estimated lateral hydraulic conductivity for the surficial aquifer is 50 feet per day (ftld) and is 
based on a general composition of fine sand mixed with some silt and clay 
(Cardinal, et al., 1993). Baker compiled and studied data from aquifer pumping tests at the Base 
in 1994 to evaluate aquifer characteristics and production capacities. The technical memorandum 
is provided as Appendix E. The information contained in this memorandum pertains primarily to 
the surficial aquifer. Average pumping rates were established between 0.5 to 3 gpm, with a 
hydraulic conductivity estimate range from 0.5 to 1.4 ft/d. Estimated hydraulic conductivity 
values of the Castle Hayne aquifer range from 14 to 91 Wd. 

3.3.2 Site-Specific Framework 

Geology 

Two cross sections were prepared for the SWMU 336 RFI report to represent subsurface geology 
(Figure 3-2). Cross Section A-A' begins at soil boring SWMU336-SB01 and traverses to the 
southeast, to soil boring location SWMU336-SB09 (Figure 3-3). Cross Section B-B' begins at 
soil boring SWMU336-GW04 and traverses to the northeast, to boring SWMU336-GW05 (Figure 
3-4). The paragraphs that follow discuss the cross section geology (Figures 3-3 and 3-4). 

The subsurface geology in the vicinity of SWMU 336 e ~ b i t s  a fairly consistent stratigraphic 
sequence, with some heterogeneity within the stratigraphic layers. Generally, the sequence 
observed as follows (from shallow to deep): 

The undifferentiated formation (0 - 25 feet bgs) 
Fill material (e.g., pavement and sub base) 

r Silt andlor clay 
Fine sand, with trace to some silt and/or clay 

The Belgrade formation (25 - 27.5 feet bgs) 
Predominantly fine sand with some silt and little clay or predominantly silt 

The River Bend formation (below 27.5 feet bgs) 
Shell and fossil fragments (generally fine to coarse sand and/or fine to coarse gravel) 

Much of the surface and near surface (typically to a depth of 1.5 feet or less) in the vicinity of the 
SWMU consists of asphalt or concrete with a sand and gravel filled sub base. Where pavement 



and sub base are absent, silt or fine sand was observed. Thls material appears to be fill at most 
locations. 

A clay and/or silt layer is present immediately below the fill. This was observed in the 
northwestern part of the study area (e.g., borings SWMU336-GW01, GW04 and GW05). This 
layer pinches out to the southeast, with evidence from boring SWMU336-GW09. The top of this 
layer was observed between 1 and 4 feet bgs. This claylsilt layer tends to be approximately 5 to 6 
feet thick. 

A fine sand layer is present immediately below the clay and/or silt layer across the northwestern 
portion of the study area. This sand layer appears to be relatively homogeneous for the Base; 
with trace to little amounts of silt andlor clay. This sand layer is approximately 17 to 26 feet 
thick, where thicker areas being found where the clay andtor silt layer does not exist in the 
subsurface. 

The base of the sand layer noticeably changes color and composition. This layer is 
predominantly fine sand, with some silt and little clay, or is predominantly silt, with little to some 
fine sand. The observed characteristics of this unit are consistent with the Belgrade formation 
(Cardinell, et al, 1993). This layer typically is encountered approximately 24 to 28 feet bgs and is 
typically 3 to 5 feet thick. 

A unit characterized by the presence of shell and fossil fragments, and calcareous sand is 
typically about 30 feet bgs, but ranges from 26 to 33 feet bgs. Due to the presence of shell and 
fossil fragments, this unit has been identified as the River Bend formation and is immediately 
below the Belgrade formation. According the USGS Report (Cardinell, et al, 1993), this 
formation can be 500 feet thick in some locations, well below the depth of this investigation. 

Hydrogeology 

Only the surficial aquifer was examined during this investigation. According to the groundwater 
measurements collected during the Phase I1 CSI in June 2003, the groundwater flow direction 
was calculated to flow southerly. As part of the RFI, three piezometers were installed to confirm 
the groundwater flow direction observed during the Phase I1 CSI. Groundwater level 
measurements were collected from the three piezometers in February 2005 and are presented in 
Table 2-2. The water table was measured in the wells/piezometers at depths ranging between 9 
and 14 feet bgs, with corresponding elevations between 1 1 and 14 feet above msl. The southern 
flow direction was confirmed during the RFI and based on review of the geology and 
groundwater level measurements; the surficial aquifer was determined to be unconfined at the 
SWMU. An interpretive groundwater contour map for February 2005 is provided as Figure 3-5. 
A review of this figure indicates that the hydraulic gradient across the site is approximately 
0.00 1 7 feetlfoot. 

No monitoring wells were installed at SWMU 336; therefore no slug testing could be performed. 
The hydraulic conductivity estimates for the surficial aquifer are assumed to be similar to those 
estimates calculated during other nearby investigations ranging from 0.3 to 7.4 feet per day (ft/d), 
with an average of 2.0 ftld. 

Groundwater velocity estimates were calculated using a variation of Darcy's equation and the 
estimated hydraulic conductivity: 



where: V = groundwater velocity (Wd) 
K = hydraulic conductivity (Wd) 
i = hydraulic gradient (feetlfoot) 
n, = effective porosity (dimension less) and assumed to be on 
the order of 30 percent 

Based on the available data, the approximate groundwater velocity estimate is 0.01 ft/d (3.65 
feetJyear) for this site. It must be cautioned that this estimate is based on the hydraulic 
conductivity of nearby SWMU 30313 18 RFI data. 

Summary 

A fairly consistent stratigraphy has been observed at the SWMU. A silt andlor clay layer 
underlies surficial fill (asphalt/concrete and sub base) in the northwestern portion of the study 
area and pinches out to the southeast. Slightly heterogeneous fine sand is present below the 
siltlclay layer, and is the primary water bearing unit of the surficial aquifer. This fine sand 
typically shows a hydraulic conductivity ranging between 0.3 to 7.4 Wd. Groundwater velocity 
has been estimated at 3.65 feet/year in a southern direction. A mostly continuous layer consisting 
of silt or fine sand, with some silt and little clay underlies the fine sand layer. This unit has been 
identified as Belgrade formation (Castle Hayne confining unit). Initial indications from other 
investigation areas suggest that this layer is semi-confining. 
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TABLE 3-1 

GEOLOGIC AND HYDROGEOLOGIC UNITS IN THE COASTAL PLAIN OF NORTH CAROLINA 
SWMU 336 

RCRA FACILITY INVESTIGATION (CTO-0091) 
MCB CAMP LEJEUNE, NORTH CAROLINA 

HYDROGEOLOGIC UNITS 

Aquifer and Confining Unit 
Surficial Aquifer 

Yorktown Confining Unit 

Yorktown Aquifer 

GEOLOGIC UNITS 

System 
Quaternary 

Tertiary 

Cretaceous 

Series 
Holocene/Pleistocene 

Pliocene 

Formation 
Undifferentiated 

Yorktown Formation (') 
-- 

Eastover Formation ( I )  

Miocene 

Oligocene 
Eocene 

Palocene 

Upper Cretaceous 

Lower Cretaceous (') 

Pre-Cretaceous Basement Rocks 

Notes: 

Pungo River 
Formation (') 

Belgrade Formation (') 
River Bend Formation 

Castle Hayne Formation 
Beaufort Formation 
Peedee Formation 

Black Creek and 
Middendorf Formations 

Cape Fear Formation 

Unnamed Deposits (') 

('I Geologic and hydrologic units not present beneath Camp Lejeune. 

(2) Constitutes part of the surficial aquifer and Castle Hayne confining unit in the study area. 

Pungo River Confining Unit 

Pungo River Aquifier 

Castle Hayne Confining Unit 
Castle Hayne Aquifier 

Beaufort Confining 
Beaufort Aquifer 

Peedee Confining Unit 
Peedee Aquifer 

Black Creek Confining Unit 

Black Creek Aquifer 
Upper Cape Fear Confining Unit 

Upper Cape Fear Aquifer 

Lower Cape Fear Confining Unit 
Lower Cape Fear Aquifer 
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4.0 ANALYTICAL RESULTS AND EXTENT OF CONTAMINATION 

This section presents information regarding data quality, provides a brief explanation of the 
criteria used for comparison of the analytical data, and discusses the analytical results and extent 
of contamination at the SWMU. 

4.1 Data Oualitv 

The following sections present a summary of the data validationlusability assessment as well as a 
discussion of non-SWMU related contaminants. 

4.1.1 Data ValidationIUsability Assessment 

Data quality evaluations were conducted by E-Data, Inc., Raleigh, NC. Laboratory analytical 
results were evaluated to assess the technical adequacy and usability of the data. Validation of the 
data, through established procedures, served to reduce the inherent uncertainties associated with 
its usability. The data were technically reviewed based on the specifications set forth in the most. 
recent version of the USEPA National Functional Guidelines and USEPA Region HI 
Modifications to the Functional Guidelines. Level M-3 (organics) and IM-2 (metals) technical 
reviews were performed and included a review/evaluation of the laboratory reporting forms, raw 
data, instrument printouts, run logs, and supporting data provided by the laboratory. 

The analytical data tables included in Section 4.3 indicate which results are considered non- 
compliant when compared to the requirements set forth in the aforementioned guidelines. The 
majority of these non-compliant results represents minor quality control problems and do not 
affect data usability. In most cases, these problems are typical analytical difficulties or are the 
result of sample matrix problems. The non-compliant results have been "qualified" with an 
associated explanatory note to clarify the analytical results. The typical qualifiers used included 
the following: 

J Estimated result; result may not be accurate or precise 
UJ Not detected; the concentration value is an estimate 

• U Not detected 

Data qualified as "J" were retained as estimated values. Estimated analytical results within a data 
set are common and considered usable by the USEPA. Data may be qualified as estimated for 
several reasons, including an exceedence of holding times, high or low surrogate recovery, or 
intra-sample variability. In addition, values may be assigned an estimated "J" qualifier if the 
reported value is below the Contract Required Detection Limit (CRDL) or the Contract Required 
Quantitation Limit (CRQL). No data were rejected. Overall, the data generated are usable, as 
qualified, for its intended use. The data validation reports are included as Appendix C. 

Split samples were collected to assess the reliability of the mobile laboratory. Samples were split 
for analysis via OLM 4.2 at a fixed-base laboratory. While there is no guidance on comparison of 
split sample data, rule-of-thumb of a 50% relative percent difference (RPD) for soil is adequate. 
There were four soil sample splits collected and both the fixed-base and mobile laboratory 
reported non-detect for most VOCs. All values fall within the RPD rule-of-thumb. There is 
excellent agreement between non-detects, however there are too few positive detections to make a 
good assessment. 



There were no fixed-based laboratory detections in groundwater to compare groundwater sample 
split data. In summary, the mobile laboratory data is sufficient for determining the nature and 
extent of contamination at SWMU 336. 

The mobile and fixed base laboratories were able to achieve detection limits below the NC 2L 
Standard for most of the constituents of concern. In soils, detection limits for some compounds 
were above NC 2L Standard, including PCE, bromoform, benzo(a)pyrene, and 
dibenzo(a,h)anthracene. In groundwater, detection limits for some compounds were above NC 
2L Standard, including benzene, bromodichloromethane, bromoform, hexachlorobutadiene, PCE, 
Vinyl Chloride (VC), and bis(2-ethylhexy1)phthalate. 

Detection limits below the 2L standard can be achieved for PCE in situations were interferences 
are limited. Therefore, in accordance with NCAC 2L Groundwater Quality Standards, the extent 
of PCE and vinyl chloride are to "practical quantitation limits" (detection limits). 

4.1.2 Non-SWMU Related Contaminants 

Some constituents detected in soil and groundwater at the SWMU can be attributed to non- 
SWMU related conditions or activities. Two primary sources of non-SWMU related results 
include laboratory contaminants and naturally occurring inorganic elements. A discussion of 
non-SWMU related contaminants is provided in the paragraphs that follow. 

Laboratory Contaminants 

Blank samples (e.g., equipment rinsate blanks, field blanks, laboratory blanks) provide a measure 
of contamination that has been introduced into a sample set during the collection, transportation, 
preparation, andlor analysis of the samples. To remove non-SWMU related contaminants from 
further consideration, the data validator compared concentrations of constituents detected in the 
blanks to concentrations of the same constituents detected in the environmental samples. 

Common laboratory contaminants (i.e., acetone, 2-butanone, methylene chloride, toluene, and 
phthalate esters) were considered as positive results in the environmental samples only when 
observed concentrations exceeded ten times the concentration detected in the associated blank(s). 
If the concentration of a common laboratory contaminant was less than ten times the 
concentration detected in the associated blank(s), then it was concluded that the constituent was 
"Not Detected" in that particular sample (USEPA, 1989a). Methylene chloride and toluene were 
the only common laboratory contaminants detected in the blank samples. These detected 
concentrations were low and likely not SWMU related. 

Other constituents detected in blanks that are not considered common laboratory contaminants 
were considered as positive results in the environmental samples only when observed 
concentrations exceeded five times the concentration detected in the associated blank(s) (USEPA, 
1989a). Constituent concentrations less than five times the concentration detected in the 
associated blank(s) were considered to be "Not Detected" in that sample. A summary of 
constituents detected in the equipment rinsate blank and field blanks is provided in Appendix D. 

One field blank was collected from the common source of potable water (FB03-021805) that was 
used for concurrent RFIs at SWMU 336 and SWMU 3031318. This sample was collected from 
the helicopter wash pad potable water source at SWMU 30313 18 and used for decontamination of 
drilling equipment. Bromodichloromethane, chloroform, and dibromochloromethane were 
detected in FB03-021805. These compounds are commonly associated with water treatment 



processes and are not likely to be related to SWMU activities. Five metals were also detected in 
FB03 including arsenic, barium, mercury, selenium, and silver. 

Naturally-Occurring Inorganic Elements 

Naturally occurring inorganic elements occur ubiquitously in soil and groundwater and 
distinguishing between background concentrations and SWMU-related concentrations can be 
difficult. As a result, a Base background soil study and Area of Concern (AOC) background soil 
study were conducted at the Base in June and July 2000. A Base background groundwater study 
was conducted in March and April 2002. 

The Base background soil study (Baker, 2001a) included surface and subsurface soil sampling at 
50 borings advanced in areas that had no known history of any activity that may have biased 
inorganic concentrations in the soils. The samples were analyzed for Target Analyte List (TAL) 
metals. In general, inorganic constituents were detected at similar concentrations in the surface 
and subsurface soil samples. There were observed differences between the data sets but these 
differences were primarily based on the soil type within each soil horizon. As the soils were 
separated into data sets based on soil type, it became apparent that the majority of detected 
constituents were more prevalent in fine-grained soils (clay and silts) than in coarse-grained soils 
(sands). This was an expected finding since metals are known to adsorb onto clays through 
formation of ionic bonds. 

The purpose of the AOC background soil study (Baker, 2001b) was to establish background 
concentrations of inorganics for the group of SWMUs located within the AOCs that would be 
representative of conditions immediately surrounding to the SWMU (resultant of Base activities 
in that area). An inorganic constituent could be eliminated as a COPC if its concentration is less 
than the AOC background value for that constituent; arguing that the concentration is a result of 
Base activities in that AOC and is not directly associated with the SWMU. The AOCs were 
established based on geographical location, geology, and type of SWMU(s). Surface and 
subsurface soil samples were collected from 165 borings and analyzed for TAL metals. 

The background groundwater study (Baker, 2002) included installing temporary monitoring wells 
at 25 locations selected to provide spatial coverage across the Base. Two clustered wells were 
installed at each location. Each cluster contained one shallow well (upper surficial aquifer) and 
one deeper well (lower surficial aquifer) for a total of 50 temporary wells. Groundwater samples 
were collected from each well and analyzed TAL metals. In general, similar inorganic 
constituents were detected in both the shallow and deeper portions of the surficial aquifer. 
However, the deeper portion of the surficial aquifer appeared to exhibit higher concentrations of 
metals than the shallow portion. 

Statistical analyses were performed on the soil and groundwater data sets to determine the 
underlying distribution of the data, identify outliers, determine means and standard deviations, 
and compare data sets of different lithology and depth. The surface and subsurface soil data sets 
were then segregated according to soil type. The groundwater data set was segregated according 
to depth. 

4.2 Com~arison Criteria and Standards 

To assist in evaluation of the laboratory analytical results and extent of contamination, the 
concentrations of constituents detected in soil were compared to USEPA Region M. Preliminary 
Remediation Goals (PRGs) and North Carolina Soil-to-Groundwater Concentrations (STGCs). 



Concentrations of constituents detected in groundwater were compared to North Carolina Water 
Quality Standards for Groundwater (2L Standards) and USEPA Region IX Tap Water PRGs. As 
a secondary comparison, metals detected in soil and groundwater at concentrations exceeding the 
regulatory-driven screening criteria (e.g., PRGs, STGCs, 2L Standards) were compared to Base- 
wide andlor AOC-specific background screening values. A brief explanation of the criteria used 
for comparison of the SWMU-specific data is presented below. 

USEPA Region IX Industrial Soil and Tap Water PRGs 

USEPA Region M PRGs (USEPA, 2003) are risk-based tools used to screen constituents in 
environmental media, trigger further investigation, andlor provide an initial cleanup goal if 
applicable. They are being used to streamline and standardize all stages of the risk decision- 
making process. The PRGs combine current EPA toxicity values with "standard" exposure 
factors to estimate constituent concentrations in environmental media (soil, water, and air) that 
are considered protective of humans, including sensitive groups, over a lifetime. Constituent 
concentrations above these levels would not automatically trigger a response action; however, 
exceeding a PRG suggests that further evaluation of the potential risks that may be posed by site 
contamination is appropriate. 

Given the land use of SWMU 336 and surrounding area, use of the industrial PRGs for soil was 
considered appropriate. 

North Carolina STGCs 

North Carolina STGCs (NC, 2005) are soil screening levels protective of groundwater and are 
based on the current 2L Standards or Interim Maximum Allowable Concentrations (IMACs). If 
there are no 2L Standards or IMAC values, a soil-to-groundwater concentration can be calculated 
based on the recommended 2L Standard, or if a recommended 2L Standard is not available, the 
Maximum Contaminant Level Goals (MCLGs), which are based on a carcinogenic risk. 
During the CSI, a Total Organic Carbon (TOC) sample was collected for site specific 
calculations. Laboratory results indicated TOC at 3732 mglkg. Therefore site specific criteria 
were calculated for compounds exceeding the North Carolina generic soil-to-groundwater 
criteria. 

North Carolina 2L Standards 

North Carolina 2L Standards (NC, 2005) are maximum allowable concentrations resulting from 
any discharge of contaminants to the land or waters of the state, which may be tolerated without 
creating a threat to human health or which otherwise render the groundwater unsuitable for its 
intended purpose. 

Base Background (Soil and Groundwater)/AOC-Specij?c Background (Soil) 

Based on statistical evaluation of the background data sets, metals frequently detected in soil and 
groundwater were either normally or log-normally distributed. Metals with frequent non- 
detections were considered neither normally or log-normally distributed. In the later case, the 
underlying distribution was assumed to be normal. Background values for metals with a normal 
or assumed normal distribution pattern (neither normally nor log-normally distributed) were 
calculated based on the arithmetic mean plus two standard deviations. Background values for 
metals with a lognormal distribution pattern were calculated based on the log arithmetic mean 
plus two standard deviations. The combined surface soil, sand subsurface soil (Baker, 2001a) and 



deeper groundwater (Baker, 2002) Base background data sets were used for comparison. In 
addition, the AOC 2 background data set for surface and subsurface soil (Baker, 2001b) was used 
for comparison. 

The following decision process was adopted for this report to screen each constituent to 
determine if an evaluation of the nature and extent of that constituent was warranted: 

If a constituent did not exceed the regulatory-driven screening values (e.g., PRGs, 
STGCs, 2L Standards), then it was considered as a constituent below screening levels 
that requires no further action. An evaluation of the nature and extent was not discussed. 

If a constituent exceeded the regulatory-driven screening values and background 
screening values (metals only), that constituent may be attributable to past practices at the 
SWMU, and an evaluation of the nature and extent was discussed (see Section 4.4). 

If a constituent exceeded the regulatory-driven screening values, but not the background 
screening values (metals only), that constituent was considered present at background 
concentrations and an evaluation of the nature and extent was not discussed even though 
the constituent exceeded the regulatory-driven screening values. 

If a constituent exceeded the background screening values (metals only), but not the 
regulatory-driven screening values, that constituent might be a SWMU-related 
contaminant, but poses no risk to human health or groundwater. An evaluation of the 
nature and extent was not discussed. 

It should be noted that human health and ecological risk assessments generally follow guidelines 
that are independent of any discussion regarding the nature and extent of contamination. Thus, 
the list of COPCs may differ between the nature and extent and the risk assessments. Resolution 
of any differences will be performed in Section 8.0, Conclusions and Recommendations. 

4.3 Analvtical Results 

This section discusses the analytical results for SWMU 336. The analytical results tables 
presented in this section include only those constituents that were detected (i.e., "Hits"); the 
tables do not include results for every constituent analyzed. A complete set of analytical results 
including the CSI results is included as Appendix D. 

4.3.1 Surface Soil 

A combined total of ten surface soil samples were collected at SWMU 336 during the CSI and 
RFI field investigations. The samples collected under the CSI were analyzed for VOCs, SVOCs, 
andlor metals. Samples collected for the RFI were analyzed for VOCs via the mobile laboratory, 
and metals via the fixed-based laboratory. Laboratory analytical results for positive detections 
are presented on Tables 4-1 through 4-3. 

Ten VOCs were detected in one or more of the surface soil samples. Of these ten VOCs, only 
methylene chloride was detected at a concentration (SWMU336-TW02-00 at 28 uglkg) that 
exceeded the site specific NC STGC of 25 ugikg. All other VOCs detected did not exceed the 
established regulatory-driven screening values. 



Three SVOCs were detected in one or more of the surface soil samples collected during the CSI. 
None of these SVOCs were detected at concentrations exceeding the established regulatory- 
driven screening values. 

Seven of the eight RCRA metals were detected in one or more of the surface soil samples. Of 
these seven metals, only cadmium exceeded the regulatory-driven screening values. Cadmium 
was detected in surface soil sample SWMU336-TW02-00 at 4.4 mgkg. This exceeded the North 
Carolina STGC of 2.72 mgkg. 

Barium was detected in all of the surface soil samples collected at SWMU 336. Only one of 
these samples (SWMU3365-TW02-00) showed a concentration exceeding the Base Background 
criteria (23.3 mgkg) and AOC background criteria (32.62 mglkg). However, none of these 
concentrations exceeded the USEPA Region IX PRG of 67,000 mgkg, as well as the North 
Carolina STGC screening value of 848 mglkg. 

Chromium was detected in three of the surface soil samples. Two of these samples showed 
concentrations exceeding the Base Background criteria (12.25 mglkg) However, none of these 
concentrations exceeded the USEPA Region IX PRG of 450 mgkg, as well as the North Carolina 
STGC screening value of 27.2 mglkg. 

Mercury was detected in two of the surface soil samples at concentrations exceeding the North 
Carolina STGC. However, the concentrations were below the background screening values. 

Figure 4-1 illustrates the distribution of constituents exceeding screening values in soil. 

4.3.2 Subsurface Soil 

A combined total of sixteen subsurface soil samples were collected at SWMU 336 during the CSI 
and RFI field investigations. The samples collected under the Phase I1 CSI were analyzed for 
VOCs, SVOCs, andlor metals. Samples collected for the RFI were analyzed for VOCs via the 
mobile laboratory, andlor metals via the fixed-based laboratory. Laboratory analytical results for 
positive detections are presented on Tables 4-4 through 4-6. 

Twenty-four VOCs were detected in one or more of the subsurface soil samples (see Table 4-5 
through 4-7). Of these 24 VOCs, methylene chloride (SWMU336-TW01-04 at 41 ugkg) was 
detected at a concentration exceeding the site specific North Carolina STGC of 25 ugf'kg. The 
remaining VOCs detected in the samples did not exceed the established regulatory-driven 
screening values. Figure 4-1 illustrates the distribution of constituents exceeding screening 
values in soil. 

Only one SVOC (bis(2-Ethylhexy1)phthalate) was detected in two of the subsurface soil samples. 
However, this compound is a typical laboratory contaminant and the concentrations did not 
exceed the any of the established regulatory-driven screening values. 

Six metals were detected in one or more of the subsurface soil samples. Of these six metals, only 
mercury was detected in SWMU336-TW01-04 and SWMU336-TW02-04 at a concentration 
exceeding the North Carolina STGC. However, the concentrations did not exceed AOC or Base 
background concentrations. Selenium was detected in SWMU336-TW06-07 at a concentration 
exceeding the AOC background criteria. However, this concentration did not exceed the any of 
the established regulatory-driven screening values. 



4.3.3 Groundwater 

Groundwater samples were collected from six temporary wells during the CSI. These samples 
were analyzed for VOCs, S.VOCs, and metals. Twelve groundwater samples were collected 
during the RFI as described in Section 2. These samples were submitted to the on site mobile 
laboratory and analyzed for VOCs. Laboratory analytical results for positive detections are 
presented on Tables 4-7 and 4-8. 

Fourteen VOCs were detected in one or more of the groundwater samples. Of these 14 VOCs, 
only tetrachloroethene (PCE) exceeded the North Carolina 2L Standards andlor USEPA Tap 
Water PRGs. All three exceedences were from temporary wells installed during the Phase 11 CSI. 
Those temporary wells included: SWMU336-TWO1 (27 ug/L), SWMU336-TWO3 (13 ug/L), and 
SWMU336-TWO6 (2.3 J ug/L). These three detections exceeded the North Carolina 2L Standard 
of 0.7 ug/L and the USEPA Tap Water PRG of 0.66 ug/L. 

Naphthalene was detected in SWMU336-GW08-01 at a concentration of 6.6 ug/L. This 
concentration exceeded the USEPA Tap Water PRG (6.20 ug/L). However, this concentration 
did not exceed the North Carolina 2L Standard of 21 u@. It should be noted that naphthalene 
was analyzed as a VOC and not as a SVOC. 

Figure 4-2 illustrates the distribution of VOC exceedences in groundwater samples collected fiom 
the SWMU. 

No SVOCs were detected in any of the six groundwater samples collected during the Phase 11 
CSI. Therefore, SVOCs were eliminated as COPCs at SWMU 336 and not analyzed for during 
the RFI. 

Barium, chromium, and lead were detected in one or more of the groundwater samples collected 
during the CSI. Barium exceeded the Base background screening value of 37.31 ug/L in four of 
the six groundwater samples. However, none of these metals exceeded either the USEPA Tap 
Water PRGs or the North Carolina 2L Standards. 

4.4 Nature and Extent of Contamination 

To facilitate a comprehensive understanding of the extent of contamination at the SWMU, data 
from this RFI was supplemented with data from Phase II CSI (Appendix D), which included 
VOCs, SVOCs, and RCRA metals. The distributions of constituents exceeding screening values 
in soil and groundwater are presented on Figures 4-1 and 4-2. 

4.4.1 Soil 

The constituents of potential concern (COPCs) in soil associated with the SWMU 336 RFI are 
cadmium and methylene chloride. While cadmium and methylene chloride were detected during 
the CSI, neither COPC was detected in soils during the RFI. 

The extent of soil contamination in the vicinity of the paint stripper is based these COPCs. These 
two COPCs represent the only detections above the site specific North Carolina STGC. 
Methylene chloride was detected at a concentration of 41 ugkg in subsurface soil sample 
SWMU336-TWOI-04 (7 to 9 feet bgs) and at a concentration of 28 ug/kg in surface soil sample 
SWMU336-TW02-00. Both of these concentrations exceed the site specific North Carolina 
STGC of 25 uglkg. 



The exceedences of methylene chloride were found in only the CSI sampling in March of 2002. 
Methylene chloride is used in solvent extraction methods for laboratory analysis. Due to this 
usage it is considered a typical laboratory contaminant and makes these detections suspect. Also, 
the isolated and limited extent of methylene chloride and cadmium suggest that neither 
constituent represents a confirmed release fi-om the SWMU, nor do they represent a significant 
impact to the soil. 

4.4.2 Groundwater 

The only COPC in groundwater associated with SWMU 336 is tetrachloroethene (PCE). PCE 
was detected in three of the six temporary wells installed during the Phase 11 CSI. Those 
temporary wells included: SWMU336-TWO 1 (27 ug/L), SWMU336-TWO3 (1 3 u&), and 
SWMU336-TWO6 (2.3 J ug/L). These three detections exceeded the North Carolina 2L Standard 
of 0.7 ug/L and the USEPA Tap Water PRG of 0.66 ug/L. It should be noted that groundwater 
samples collected from SWMU336-TWO1 and TWO2 during the initial Phase 11 CSI were labeled 
SWMU336-GWO1 and SWMU336-GWO2. 

The extent of groundwater contamination in the vicinity SWMU 336 is limited to these detections 
of PCE. Groundwater samples collected during the RFI revealed no other detections exceeding 
the applicable screening criteria. Therefore, the groundwater contamination is localized around 
those three temporary well locations. 

4.4.3 Summary 

Soil contamination has been delineated at SWMU 336. Concentrations of methylene chloride and 
cadmium have exceeded the applicable screening criteria and are limited to sample locations 
SWMU336-TWO 1 -00 and SWMU336-TW04-04. 

There is little correlation between soil and groundwater contamination at the SWMU. 
Groundwater contamination consists of PCE in shallow groundwater. Only one detection of PCE 
was observed in the site soils at SWMU336-TW01-04 (7 ugkg) and the concentration was below 
the applicable screening criteria. Cadmium and methylene chloride were the only compounds 
detected in soil exceeding the applicable screening criteria. However, neither of these 
compounds was detected in the groundwater. The observed PCE contamination in groundwater is 
likely due to SWhlLT-related activities, but there is no clear source evident in shallow soils. 

4.5 References 

Baker, 2002 Baker Environmental, Inc. Base Background Groundwater Study. Draft. 
Prepared for the Naval Facilities Engineering Command, Atlantic 
Division, Norfolk, Virginia. August 2002 

Baker, 200 1 a 

Baker, 2001b 

Baker Environmental, Inc. Final Base Background Study (Soil), Marine 
Corps Base Camp Leieune. North Carolina Prepared for the Naval 
Facilities Engineering Command, Atlantic Division, Norfolk, Virginia. 
April 200 1. 

Baker Environmental, Inc. Area of Concern Background Study (Final). 
Marine Corps Base Camp Leleune. North Carolina Prepared for the 



NC, 2003 

NC, 2002 

Naval Facilities Engineering Command, Atlantic Division, Norfolk, 
Virginia. April 200 1 . 

Guidelines for Establishing Remediation Goals at RCRA Hazardous 
Waste Site. North Carolina Department of Environment and natural 
Resources, Division of Waste Management, Hazardous Waste Section. 
December 2003 

North Carolina Department of Environment, Health, and Natural 
Resources. Permanent Groundwater Standards per 15A NCAC 2L .0202 
httD:Ngw.ehnr.state.nc.us/ADA-Webpage/Adobe/g;wStandards.pdf. 
August 2002 and Interim Groundwater Standards per NCAC 2L .0202(c) 
http:Nmv.ehnr.state.nc.us/new~vagee7.htm. May 1999 

USEPA, 2003 United States Environmental protection Agency, Region IX Preliminary 
remediation Goals. 
http://www.epa.gov/re~ion09/waste/sfund~pre/indexXhtm. February 2003 

USEPA, 1989 Risk Assessment Guidance for Superfund Volume I. Human Health 
Evaluation Manual (Part A) Interim Final. United States Environmental 
Protection Agency, Office of Solid Waste and Emergency Response. 
Washington, D.C. EPAl54011-89-002. December 1989.RAGS part 
about lab contaminants ' 



Baker Environmental, Inc. 

TABLES 



TABLE 4-1 

DETECTION SUMMARY 
SURFACE SOIL - SWMU 336 

SWMU CONFIRMATORY SAMPLING (CTO-0143) 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

S~te  Sample I D Background Base Background North Carolma USEPA Reg~on IX SWMU336-TW01-00 SWMU336-TW02-00 SWMU336-TW03-00 SWMU336-TW04-00 
Sample Date Criterla Criteria 03-20-2002 06-23-2003 06-23-2003 03-20-2002 
Depth Range AOC 2 Surface-LoamISilt Groundwater Stds Res~dent~al Soils 0'- 1' 0'- 1' 0- 1 0- 1 

VOLATILES (uglkg) 
Acetone 
Methylene Chloride 
Toluene 
Xylenes (Total) 
SEMIVOLATILES (uglkg) , 

bis(2-Ethy1hexyl)phthalate 
Butylbenzylphthalate 
Di-n-octyl phthalate 
METALS (mglkg) 
Arsen~c 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 

Notes: 
Shaded - Exceeds AOC background concentrations 
Bold - Exceeds base background concentrations 
Underline - Exceeds NC DENR soil to groundwater comparison criteria 
Boxed - Exceeds USEPA Region IX PRGs 
AOC comparison - AOC 2 Surface Soil 
Base comparison - LoamISilt Data Set for Surface Soil 

'I' - Detected concentrations exceed NC DENR generic soil-to-water criteria 
Therefore, site-specific criteria were calculated using a 2L or interim 2L 
standard and TOC of 3732 m a g .  

J - Analyte detected. Report value is estimated. 
ND - Not Detected 
NE - Not Established 
NA -Not Analyzed 



TABLE 4-1 

DETECTION SUMMARY 
SURFACE SOIL - SWMU 336 

SWMU CONFIRMATORY SAMPLING (CTO-0143) 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

S ~ t e  Sample I D  Background Base Background SWMU336-TW05-00 SWMU336-TW06-00 
Sample Date Critena Criteria 06-23-2003 06-23-2003 
Depth Range AOC 2 Surface-LoamlSilt 0- 1 0- I 

VOLATILES (uglkg) 
Acetone 
Methylene Chloride 
Toluene 
Xylenes (Total) 
SEMIVOLATILES (uglkg) 
bis(2-Ethylhexy1)phthalate 
Butylbenzylphthalate 
Di-n-octyl phthalate 
METALS (mglkg) 
Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 

Notes: 
Shaded - Exceeds AOC background concentrations 
Bold - Exceeds base background concentrations 
Underline - Exceeds NC DENR soil to groundwater comparison criteria 
Boxed - Exceeds USEPA Region IX PRGs 
AOC comparison - AOC 2 Surface Soil 
Base comparison - LoamJSilt Data Set for Surface Soil 

( I )  - Detected concentrations exceed NC DENR generic soil-to-water criteria 
Therefore, site-specific criteria were calculated using a 2L or interim 2L 
standard and TOC of 3732 mag. 

J - Analyte detected. Report value is estimated. 
ND - Not Detected 
NE - Not Established 
NA - Not Analyzed 



Sample ID 

Sample Date 

Sample Depth (ft) 

Volatile Organic Compounds (uglkg) 

1,2,3-Trichlorobenzene 
1,2,4-Trichlorobenzene 
Bromomethane 
Chloromethane 
Naphthalene 

TABLE 4-2 
MOBILE LABORATORY DETECTIONS SUMMARY 

RFI SURFACE SOILS - SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

NC Soil to USEPA Region IX 
Groundwater Standards Industrial Soil PRGs SWMU336-SB01-00 

2/1/05 

0- 1 

Notes: 

Underlined values exceed North Carolina Soil to Groundwater criteria 
Boxed values exceed USEPA Region IX Industrial Soil PRGs. 
U - Not detected 
J - Analyte detected. Reported value is estimated. 
uglkg - micrograms per kilogram 
PRG - Preliminary Remediation Goals 

( I '  Value used is for 1,2,4-trichlorobenzene 



Sample ID 

Sample Date 

Sample Depth (fl) 

TABLE 4-3 
FIXED BASE LABORATORY DETECTIONS SUMMARY 

RFI SUWACE SOIL - SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

NC Soil to 
AOC 2 Surface Soil Base Background - Groundwater 

Background SS Silt-Loam Standards 

Volatile Organic Compounds (ugtkg) 
ACETONE NE 
TRICHLOROFLUOROMETHANE NE 
Total Metals (mglkg) 
BARIUM 32.62 
CHROMIUM 19.03 
LEAD 22.65 

Notes: 

Shaded values exceed AOC 2 background concentrations for surface soil. 
Bolded values exceed Base background concentrations for silt-loam surface soil. 
Underlined values exceed North Carolina Soil to Groundwater criteria. 
Boxed values exceed USEPA Region IX Industrial Soil PRGs. 
J - Analyte detected. Reported value is estimated. 
uglkg - micrograms per kilogram 
mglkg - milligrams per kilogram 
PRG - Preliminary Remediation Goals 

USEPA Region IX 
Industrial Soil PRGs 
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TABLE 4-4 

Site Sample I.D. 
Sample Date 
Depth Range 

VOLATrLES (uglkg) 
I, I, I-Trichloroethane 
Acetone 
Methylene Chloride 
Tetrachloroethene 
Toluene 
Trichlorofluoromethane 
SEMlVOLATILES (ugtkg) 
bis(2-Ethylhexy1)phthalate 

METALS (mglkg) 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 

Background 
Criteria 
AOC 2 

NE 
NE 
NE 
NE 
NE 
NE 

NE 

46 53 
NE 

37.7 1 
15.24 
0 07 
0 86 

Base Background 
Criteria 

Subsurface-Clay 

DETECTION SUMMARY 
SUBSURFACE SOIL S W M U  336 

SWMU CONFIRMATORY SAMPLING (CTO-0143) 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Notes: 

Shaded - Exceeds AOC backb~ound concentrations 
Bold - Exceeds base background concentrations 
Underline - Exceeds NC DENR soil to groundwater comparison criteria 
Boxed - Exceeds USEPA Region IX PRGs 
AOC comparison - AOC 2 Subsurface Soil 
Base comparison - Clay Data Set for Subsurface Soil 
"' - Detected concentrations exceed NC DENR generic soil-to-water criteria 

Therefore, site-specific criteria were calculated using a 2L or interim 2L 
standard and TOC of 3732 mgikg. 

J - Analyte detected. Report value is estimated. 
ND - Not Detected 
NE - Not established 
NA- Not analyzed 

Soil to Groundwater 
Residential Soils 

1670 1200000 
2810 6000000 

25 (1) 2 1000 
7.42 3400 
7270 520000 
3 1500 2000000 



TABLE 4-4 

DETECTION SUMMARY 
SUBSURFACE SOIL -SWMU 336 

SWMU CONFIRMATORY SAMPLING (CTO-0143) 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Slte Sample I D Background Base Background North Carolma USEPA Repon IX SWMU336-TWOS-04 SWMU336-TW06-07 
Sample Date Cntena Criteria So11 to Groundwater 06-23-2003 06-23-2003 
Depth Range AOC 2 SubsurfaceClay Resrdent~al Solls 7-9 13-15 

VOLATILES (uglkg) 
I, I, l -Trichloroethanc 
Acetone 
Methylene Chloride 
Tetrachloroethene 
Toluene 
Trichlorofluoromethane 
SEMIVOLATILES (uglkg) 
bis(2-Ethylhexy1)phthalate 

METALS (mgkg) 
Bari~un 
Cad~nium 
Chromium 
Lead 
Merculy 
Selenium 

Notes: 

Shaded - Exceeds AOC background concenmtions 
Bold - Exceeds base background concentrations 
Underl~ne - Exceeds NC DENR soil to groundwater comparison criteria 
Boxed - Exceeds USEPA Region IX PRGs 
AOC comparison - AOC 2 Subsurface Soil 
Base comparison -Clay Data Set for Subsurface Soil 
"' - Detected concentrations exceed NC DENR generic soil-to-water criteria 

Therefore, site-specific criteria were calculated using a 2L or interim 2L 
standard and TOC of 3732 mgkg. 

J - Analyte detected. Report value is estimated. 
ND - Not Detected 
NE - Not established 
NA- Not analyzed 



Sample KI 
Sample Date 
Sample Depth (ft) 

Volatile Organic Compounds (uglkg) 

1,2,3-Trichlorobenzene 
1,2,4-Trichlorobenzene 
1,2,4-Trimethylbenzene 
1,3,5-Trimethylbenzene 
Ethy lbenzene 
Isopropy l benzene 
Naphthalene 
n-Butylbenzene 
n-Propylbenzene 

o-Xylene 

p&m-Xylene 

p-Isopropltoluene 
secSutylbenzene 
tert-Buty lbenzene 
Toluene 

I Notes: 

MOBILE LABORATORY DETECTIONS SUMMARY 
RFI SUBSURFACE SOILS - SWMU 336 

RCRA FACILITY INVESTIGATION (CTO-0091) 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

NC Soil to 

Standards SWMU336-SB01-02 SWMU336-SB0 1-04 SWMU336-SB04-02 
2/1/2005 2/1/2005 2/1/2005 

Underlined values exceed North Carolina Soil to Groundwater criteria. 
Boxed values exceed USEPA Region IX Industrial Soil PRGs. 
U - Not detected 
J - Analyte detected. Reported value is estimated. 
ug/kg - micrograms per kilogram 
PRG - Preliminary Remediation Goals 

(') Value used is for 1,2,4-trichlorobenzene 

(') Value used is for xylenes. 

(3) Value used is for toluene. 

Have not been verified by NC 
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Sample ID 
Sample Date 
Sample Depth (ft) 

Volatile Organic Compounds (uglkg) 

1,2,3-Trichlorobenzene 
1,2,4-Trichlorobenzene 
1,2,4-Trimethylbenzene 
1,3,5-Trimethylbenzene 
Ethylbenzene 
Isopropylbenzene 
Naphthalene 
n-Butylbenzene 
n-Propylbenzene 

o-Xy lene 

p&m-Xylene 

p-Isopropltoluene 
secSutylbenzene 
tert-Butylbenzene 
Toluene 

TABL ? 4-5 
MOBILE LABORATORY DETECTIONS SUMMARY 

RFI SUBSURFACE SOILS - SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

NC Soil to 

Standards I Industrial Soil PRGs I S W M U ~ ~ ~ - S B O ~ - O ~  SWMU336-SBO5-01 SWMU336-SB05-02 
2/1/2005 2/1/2005 2/1/2005 

Notes: 

Underlined values exceed North Carolina Soil to Groundwater a 
Boxed values exceed USEPA Region IX Industrial Soil PRGs. 
U - Not detected 
J - Analyte detected. Reported value is estimated. 
ug/kg - micrograms per kilogram 
PRG - Preliminary Remediation Goals 

(') Value used is for 1,2,4-trichlorobenzene 

(2) Value used is for xylenes. 

(3) Value used is for toluene. 
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Sample ID 
Sample Date 
Sample Depth (fl) 

Volatile Organic Compounds (uglkg) 

1,2,3-Trichlorobenzene 
1,2,4-Trichlorobenzene 
1,2,4-Trimethylbenzene 
1,3,5-Trimethylbenzene 
Ethylbenzene 
Isopropylbenzene 
Naphthalene 
n-Butylbenzene 
n-Propylbenzene 

o-Xylene 

p&m-Xylene 

p-Isopropltoluene 
sec-Butylbenzene 
tert-Butylbenzene 
Toluene 

MOBILE LABORATORY DETECTIONS SUMMARY 
RFI SUBSURFACE SOILS - SWMU 336 

RCRA FACILITY INVESTIGATION (CTO-0091) 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

NC Soil to 

Standards SWMU336-SB05-05 SWMU336-SB09-03 SWMU336-SB09-03D 
2/1/2005 2/2/2005 2/2/2005 

Notes: 

Underlined values exceed North Carolina Soil to Groundwater criteria. 
Boxed values exceed USEPA Region IX Industrial Soil PRGs. 
U - Not detected 
J - Analyte detected. Reported value is estimated. 
ug/kg - micrograms per kilogram 
PRG - Preliminary Remediation Goals 

(') Value used is for 1,2,4-trichlorobenzene 

( 2 )  Value used is for xylenes. 

(j) Value used is for toluene. 
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Sample ID 
Sample Date 
Sample Depth (ft) 

MOBILE LABORATORY DETECTIONS SUMMARY 
RFI SUBSURFACE SOILS - SWMU 336 

RCRA FACILITY INVESTIGATION (CTO-0091) 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Volatile Organic Compounds (uglkg) 

1,2,3-Trichlorobenzene 
1,2,4-Trichlorobenzene 
1,2,4-Trimethylbenzene 
1,3,5-Trimethylbenzene ' 

Ethylbenzene 
Isopropy lbenzene 
Naphthalene 
n-Butylbenzene 
n-Propy l benzene 

o-Xylene 

p&m-Xylene 

p-Isopropltoluene 
secButy lbenzene 
tert-Butylbenzene 
Toluene 

NC Soil to 

Standards SWMU336-SB09-06 
2/2/2005 

Notes: 

Underlined values exceed North Carolina Soil to Groundwater criteria. 
Boxed values exceed USEPA Region IX Industrial Soil PRGs. 
U - Not detected 
J - Analyte detected. Reported value is estimated. 
ugkg - micrograms per kilogram 
PRG - Preliminary Remediation Goals 

( ' )  Value used is for 1,2,4-trichlorobenzene 

(') Value used is for xylenes. 

(3) Value used is for toluene. 
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Sample ID 

Sample Date 

Sample Depth (ft) 

Volatile Organic Compounds (ug/Kg) 
2-BUTANONE 
4-METHYL-2-PENTANONE 
ACETONE 
CARBON DISULFIDE 
METHYL ACETATE 
TRICHLOROFLUOROMETHANE 
Total Metals (mg/kg) 
BARIUM 
CHROMIUM 
LEAD 

FIXED BASE LABORATORY DETECTIONS SUMMARY 
RFI SUBSURFACE SOIL - SWMU 336 

RCRA FACILITY INVESTIGATION (CTO-0091) 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

NC Soil to 
AOC 2 Subsurface Sorl Base Background - SB Groundwater SWMU336-SBo4-o2 SWMU336-SB05-02 SWMU336-SB09-06 

Background Clay 2/1/05 2/1/05 2/2/05 

3-5 3-5 11-13 

Notes: 

Shaded values exceed AOC 2 background concentrations for subsurface soil. 
Bolded values exceed Base background concentrations for clay subsurface soil. 
Underlined values exceed North Carolina Soil to Groundwater criteria. 
Boxed values exceed USEPA Region IX Industrial Soil PRGs. 
J - Analyte detected. Reported value is estimated. 
ug/kg - micrograms per kilogram 
mgkg - milligrams per kilogram 
NE - Not Established. 
NA - Not Analyzed. 
PRG - Preliminary Remediation Goals 



TABLE 4-7 

VOLATILES (ug/L) 
I ,l,l-Trichloroethane 
1 ,I ,2-Trichlorotrifluoroethane 
I, l -Dichloroethane 
I, l -Dichloroethene 
cis-1,2-Dichloroethene 
Tetrachloroethene 
Toluene 
mlp-Xylenes 
o-Xylene 
METALS (ug/L) 
Barium 
Chromium 
Lead 

DETECTION SUMMARY 
GROUNDWATER - SWMU 336 

SWMU CONFIRMATORY SAMPLING (CTO-0143) 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Base Background Crderla North Carolina 2L USEPA Reg~on IX SWMU336-GW01 SWMU336-GW02 SWMU336-TWO3 SWMU336-TWO4 
Groundwater-Shallow Groundwater PRGs 04-03-2002 04-03-2002 07- 16-2003 07-1 6-2003 

Protection Stds Tap Water 

Notes: 
No SVOCs were detected in the samples 
Shaded - Exceeds Base Background Criteria Groundwater-Shallow 
Bold - Exceeds North Carolina 2L Groundwater Protection Standards 
Underline - Exceeds USEPA Region IX PRGs Tap Water 
J - Analyte detected. Report value is estimated. 
No criteria for speciated xylenes. Total xylene criteria used 
ND - Not Detected 
NE - Not established 



TABLE 4-7 

VOLATILES (ug1L) 
1 ,I, I -Trichloroethane 
1,1,2-Trichlorotrifluoroethane 
I ,I-Dichloroethane 
I,l-Dichloroethene 
cis- l,2-Dichloroethene 
Tetrachloroethene 
Toluene 
mip-Xylenes 
o-Xylene 
METALS (u&) 
Barium 
Chromium 
Lead 

DETECTION SUMMARY 
GROUNDWATER - SWMU 336 

SWMU CONFIRMATORY SAMPLING (CTO-0143) 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Base Background Criteria North Carolina 2L USEPA Reelon lX SWMU336-TWO5 SWMU336-TWO6 Exceedance Exceedance Exceedance 
Groundwater-Shallow Groundwater PRGs 07-16-2003 07-16-2003 Standard One Standard Two Standard Three 

Protection Stds Taa Water 

Notes: 
No SVOCs were detected in the samples 
Shaded - Exceeds Base Background Criteria Groundwater-Shallow 
Bold - Exceeds North Carolina 2L Groundwater Protection Standards 
Underline - Exceeds USEPA Region IX PRGs Tap Water 
J - Analyte detected. Report value is estimated. 
No criteria for speciated xylenes. Total xylene criteria used 
ND - Not Detected 
NE - Not established 



Sample ID 

Sample Date 

MOBILE LABORATORY DETECTIONS SUMMARY 
RFI GROUNDWATER - SWMU 336 

RCRA FACILITY INVESTIGATION (CTO-0091) 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Volatile Organic Compounds (ug/L) 
1,2,3-Trichlorobenzene 70 
1,2,4-Trichlorobenzene 70 
1,3-Dichlorobenzene 620 
Dichlorodifluoromethane 1400 
Naphthalene 21 
p&m-Xylene 530 
Toluene 1000 

Notes: 

U - Not detected. 
J - Estimated Value. 
ug/L - micrograms per liter 
PRG - Preliminary Remedial Goals 
Underlined text indicates the concentration exceeded NC 2L Standards. 
Boxed cells indicate the concentration exceeded the USEPA Region IX Tap 
Water PRGs. 

(') Value used is for 1,2,4-Trichlorobenzene. 

(') Value used is for total xylenes. 
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Sample ID 

Sample Date 

MOBILE LABORATORY DETECTIONS SUMMARY 
RFI GROUNDWATER - SWMU 336 

RCRA FACILITY INVESTIGATION (CTO-0091) 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Volatile Organic Compounds (ug/L) 
1,2,3-Trichlorobenzene 70 
1,2,4-Trichlorobenzene 70 
1,3-Dichlorobenzene 620 
Dichlorodifluoromethane 1400 
Naphthalene 21 
p&m-Xylene 530 
Toluene 1000 

Notes: 

U - Not detected. 
J - Estimated Value. 
ug/L - micrograms per liter 
PRG - Preliminary Remedial Goals 
Underlined text indicates the concentration exceeded NC 2L Standards. 

Boxed cells indicate the concentration exceeded the USEPA Region IX Tap 
Water PRGs. 

(" Value used is for 1,2,4-Trichlorobenzene. 

(2) Value used is for total xylenes. 
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MOBILE LABORATORY DETECTIONS SUMMARY 
RFI GROUNDWATER - SWMU 336 

RCRA FACILITY INVESTIGATION (CTO-0091) 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Sample ID 

Sample Date 

Volatile Organic Compounds (ug/L) 
1,2,3-Trichlorobenzene 70 7.16 
1,2,4-Trichlorobenzene 70 7.16 
1,3-Dichlorobenzene 620 183 
Dichlorodifluoromethane 1400 395 
Naphthalene 21 6.20 
p&m-Xylene 530 206 
Toluene 1000 723 

Notes: 

U - Not detected. 
J - Estimated Value. 
ug/L - micrograms per liter 
PRG - Preliminary Remedial Goals 
Underlined text indicates the concentration exceeded NC 2L Standards. 

Boxed cells indicate the concentration exceeded the USEPA Region IX Tap 
Water PRGs. 

( ' I  Value used is for 1,2,4-Trichlorobenzene. 

Value used is for total xylenes. 

Page 3 of 4 



Sample ID 

Sample Date 

Volatile Organic Compounds (u&) 
1,2,3-Trichlorobenzene 
1,2,4-Trichlorobenzene 
1,3-Dichlorobenzene 
Dichlorodifluoromethane 
Naphthalene 
p&m-Xylene 
Toluene 

MOBILE LABORATORY DETECTIONS SUMMARY 
RFI GROUNDWATER - SWMU 336 

RCRA FACILITY INVESTIGATION (CTO-0091) 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Notes: 

U - Not detected. 
J - Estimated Value. 
ug/L - micrograms per liter 
PRG - Preliminary Remedial Goals 
Underlined text indicates the concentration exceeded NC 2L Standards. 
Boxed cells indicate the concentration exceeded the USEPA Region IX Tap 
Water PRGs. 

(') Value used is for 1,2,4-Trichlorobenzene. 

(') Value used is for total xylenes. 
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5.0 FATE AND TRANSPORT 

The potential for a contaminant to migrate and persist in an environmental medium is critical 
when evaluating the potential for a constituent to elicit an adverse human health or ecological 
effect. The environmental mobility of a constituent is influenced by several factors, including the 
following: 

Its physical and chemical properties 
The physical characteristics of the site 
The site chemistry 

The following sections present a discussion of the various physical and chemical properties and 
potential transport pathways with respect to cadmium, methylene chloride and PCE which were 
detected at concentrations exceeding the regulatory-driven screening values, as well as the 
background screening values, and discussed in Section 4.4. 

5.1 Phvsical and Chemical Properties Impactinp Fate and Transport 

Metals are inherent and occur naturally in soil and groundwater. For this reason, concentrations 
of metals must be discussed with respect to background or natural concentrations. It is important 
to note that the fate of metals is significantly affected by soillaquifer matrix and groundwater 
chemistry. The concentration of metals and their movement are dependent on such things as ion 
exchange capacity, pH, and redox potential. Table 5-1 presents an assessment of relative 
environmental mobility of metals as a function of Eh and pH. As shown on Table 5-1, cadmium 
exhibits a medium relative mobility. 

Table 5-2 presents the physical and chemical properties associated with the PCE and methylene 
chloride detected during this investigation. These properties determine the inherent 
environmental mobility and fate of a contaminant. The properties of interest include the 
following: 

Vapor pressure 
Water solubility 
Octanollwater partition coefficient 
Organic carbon adsorption coefficient (sediment partition) 
Specific gravity 
Henry's Law constant 

A discussion of the environmental significance of each of these properties follows. 

Vapor pressure provides an indication of the rate at which a chemical may volatilize. It is of 
primary significance at environmental interfaces such as surface soiUair and surface waterlair. 
Volatilization can be important when evaluating groundwater and subsurface soils, particularly 
when selecting remedial technologies. Vapor pressure for monocyclic aromatics is generally 
higher than vapor pressures for PAHs. Contaminants with higher vapor pressures (e-g., VOCs) 
will enter the atmosphere at a quicker rate than the contaminants with low vapor pressures 
(e.g., PCBs). 

The rate at which a contaminant is leached from soil by infiltrating precipitation is proportional to 
its water solubility. More soluble contaminants are usually more readily leached than less soluble 
contaminants. The water solubilities indicate that the volatile organic contaminants, including 

5-1 



monocyclic aromatics, are usually several orders-of-magnitude more soluble than PAHs. 
Consequently, highly soluble compounds such as the chlorinated VOCs will go into solution 
faster and possibly in greater concentrations than less soluble compounds. The solubility of a 
specific compound is dependent on the chemistry of the groundwater and aquifer material. 
Factors such as groundwater pH, Eh (redox potential), temperature, and the presence of other 
compounds can greatly affect the solubility. 

The octanoVwater partition coefficient !&,J is the ratio of the chemical concentration in octanol 
divided by the concentration in water. The octanollwater partition coefficient has been shown to 
correlate well with bioconcentration factors in aquatic organisms and adsorption to soil or 
sediment. Specifically, a linear relationship between octanollwater partition coefficients and the 
uptake of chemicals by fatty tissues of animal and human receptors (the bioconcentration factor - 
BCF) has been established (Lyman et al., 1982). The coefficient is also useful in characterizing 
the sorption of compounds by organic soils where experimental values are not available. 

The organic carbon adsorption coefficient (KC) indicates the tendency of a chemical to adhere to 
the organic carbon in soil particles. The solubility of a chemical in water is inversely 
proportional to the K,,,. Contaminants with high soiysediment adsorption coefficients generally 
have low water solubilities. For example, contaminants such as PAHs are relatively immobile in 
the environment, are preferentially bound to the soil, and therefore have a higher kc value. 
These compounds are not subject to aqueous transport to the extent of compounds with higher 
water solubilities. Mechanical activities (e.g., erosion) and the physical characteristics of surface 
soils may, however, increase the mobility of these bound soil contaminants. 

Specific gravity is the ratio of the weight of a given volume of pure chemical at a specified 
temperature to the weight of the same volume of water at a given temperature. Its primary use is 
to determine whether a contaminant will have a tendency to "float" or "sink" (as an immiscible 
liquid) in water if it exceeds its corresponding water solubility. 

Vapor pressure and water solubility are of use in determining volatilization rates from surface 
water bodies and from groundwater. These two parameters can be used to estimate an equilibrium 
concentration of a contaminant in the water phase and in the air directly above the water. This 
relationship is expressed as Hem's  Law Constant. 

A quantitative assessment of mobility has been developed that uses water solubility (S), vapor 
pressure (VP), and organic carbon partition coefficient Or;,,) (Laskowski, 1983). This value is 
referred to as the Mobility Index (MI). It is defined as: 

A scale to evaluate MI as presented by Ford and Gurba (1984) is: 

Relative MI Mobility Description 

> 5 extremely mobile 
0 to 5 very mobile 
-5 to 0 slightly mobile 

-10 to -5 immobile 
< -10 very immobile 

The mobility index of PCE and methylene chloride at SWMU 336 is presented on Table 5-2. 



5.2 Contaminant Trans~ort Pathwavs 

Based on evaluation of existing conditions at the SWMU, the following potential contaminant 
transport pathways were identified: 

Wind-blown dust and erosion 
Leaching of soil contaminants to groundwater 
Migration of groundwater contaminants, laterally and vertically 

Contaminant concentrations may be affected by one or more mechanisms during transport. 
Contaminants may be physically transformed by volatilization or precipitation. Contaminants 
may be chemically transformed through photolysis, hydrolysis, or oxidation/reduction. 
Contaminants may be biologically transformed by biodegradation. Additionally, contaminants 
may accumulate in one or more media. Different transformation mechanisms are important for 
different contaminants; these mechanisms are discussed as necessary in Section 5.3. 

The paragraphs that follow describe the potential transport pathways listed above with respect to 
significant compound concentrations. Significant compound concentrations refer to those 
compounds discussed in Section 4.0 occurring above comparison criteria. Specific fate and 
transport concerns are discussed in Section 5.3. 

Wind-blown Dust and Erosion 

Wind and surface water serves as a constituent transport pathway agent by eroding exposed soil 
and moving it off site. These processes are influenced by rain, infiltration rate, wind velocity, 
grain size/density of the soil particles, moisture conditions, and the amount of vegetative cover 
over the soil. 

Elevated concentrations of cadmium and methylene chloride were detected in surface soil sample 
SWMU336-TW02-00. This sample was collected in a grassy area between the asphalt 
arealconcrete curb and Building AS4106. This area has thick grass cover and shows no evidence 
of any kind of erosion. Storm water is channeled through roof gutters and storm drains associated 
with AS4106 and the paved areas surrounding the SWMU. Thus, the likelihood of transport by 
surface water or wind is negligible. 

Leaching of Soil Contaminants to Groundwater 

Contaminants that adhere to soil particles or have accumulated in soil pore spaces can leach and 
migrate vertically to the groundwater as a result of infiltration of precipitation. The rate and 
extent of this leaching is influenced by several factors, including: 

The depth to the water table 
The amount of precipitation 
The rate of infiltration 
The physical and chemical properties of the soil 
The physical and chemical properties of the contaminant. 

Elevated concentrations of cadmium and methylene chloride were limited to surface soil at 
SWMU336-TW02-00 and one subsurface soil sample SWMU336-TW01-04. As a result, the 
volume of contaminated soil through which percolating rainwater passes is small. The 
dissolution of these constituents from soil to groundwater has not resulted in concentrations 



exceeding the North Carolina 2L standards. Therefore, leaching of soil contaminants to 
groundwater is insignificant or not a complete pathway. 

Migration of Groundwater Contaminants 

Metals leaching from soil to groundwater can migrate as dissolved constituents in groundwater in 
the direction of groundwater flow. However, as previously discussed, the dissolution of these 
metals from soil to groundwater has not resulted in concentrations exceeding the North Carolina 
2L standards. Therefore, migration of inorganic groundwater contaminants is insignificant or not 
a complete pathway. 

5.2.1 Migration of Groundwater Contaminants 

Organic and inorganic contaminants leaching from soil to groundwater can migrate as dissolved 
constituents in groundwater in the direction of groundwater flow. Three general processes govern 
the migration of dissolved contaminants caused by groundwater flow: advection, dispersion, and 
retardation. Advection is a process by which solutes are carried by groundwater movement. 

Dispersion is the mixing of contaminated and uncontaminated water during advection. 
Retardation is the slowing of contaminant migration caused by the reaction of the solute with. the 
aquifer matrix. 

A contaminant that is present in water above its solubility concentration will form an immiscible, 
non-aqueous phase liquid (NAPL). Based on the specific gravity of the contaminant, NAPL will 
either float or sink in the water. Subsurface transport of the immiscible contaminants is governed 
by a set of factors different from those of dissolved contaminants. There is no evidence 
(e.g. ,  concentration, distribution of constituents, and age of contamination) to suggest that NAPL 
is present at SWMU 336. 

Advection is the process by which moving groundwater carries dissolved solutes (Fetter, 1988). 
Groundwater flow velocities at SWMU 336 were determined by using a variation of Darcy's 
equation (discussed in Section 2.5.4). Groundwater flow velocity in the surficial aquifer 
underlying SWMU 336 is approximately 0.01 ft/d, or 3.65 feet per year (Table 5-3). The 
direction of the local groundwater flow is to the south. 

Dispersion results evolve from two basic processes molecular diffusion and mechanical mixing. 
The kinetic activity of dissolved solutes results in diffusion of solutes from a zone of high 
concentration to a zone of lower concentration. Dispersion can occur in three directions, 
longitudinal (in the direction of flow), transverse (horizontally perpendicular to longitudinal), and 
vertical. Dispersion is largely scale dependent (i.e., the greater the area over which it is 
measured, the larger the dispersion value). Furthermore, longitudinal dispersion is often observed 
to be markedly greater than dispersion in the transverse direction of flow. It is often assumed that 
transverse dispersion is one-tenth longitudinal dispersion (Nichols, 1993). Lacking detailed site 
studies to determine dispersion, the parameter can be estimated to be one-tenth of the length of 
the flow path, in the same lithologies (Fetter, 1988). 

Retardation is a process whereby a solute concentration is reduced through a chemical, biological, 
or radioactive change. Solutes can be categorized in two broad classes: conservative and 
reactive. Conservative solutes do not react with aquifer soil. Reactive solutes will interact with 
the soil encountered along the flow path through adsorption, partitioning, ion exchange, and other 
processes. The retardation factor (R) can be calculated by the following equation (Fetter, 1988): 



Where: 

Pb - - dry bulk density of the soil 
n - - porosity of the soil 

kd - - distribution coefficient for the solute with the soil (&, of the solute times 
the TOC content of the soil) 

The retardation factor calculation for PCE is presented in Table 5-3. The lower the retardation 
factor, the faster the migration rate. These factors are estimated because of the lack of site- 
specific data, including TOC analytical data and porosity. It is common however, to estimate 
retardation factors. The relative differences are useful for describing plume characteristics. 

Based on a retardation factor (R), a constituent velocity can be estimated by the following 
equation (Fetter, 1988): 

V, / R, where: 

v, - - Groundwater velocity 

Table 5-3 presents the estimated contaminant velocity for PCE in groundwater. The approximate 
constituent velocity is estimated at 0.77 feet per year. It is important to note that this constituent 
velocity estimate is conservative because it does not account for biodegradation. 

Transformation of chlorinated VOCs is an important fate process (USDHH&S, 1990). PCE will 
degrade to trichloroethene. Trichloroethene will in turn, degrade primarily to cis-DCE, and to a 
lesser extent, trans-1,2-dichloroethene. Cis-DCE will degrade to chloroethane and, to a lesser 
extent, vinyl chloride. 1,2-Dichloroethene (trans) will degrade to vinyl chloride. Cis-DCE, 
trichloroethene, trans-l,2-dichloroethene and vinyl chloride have not been detected in 
groundwater samples at SWMU 336. Therefore, there is no evidence of tramsformation or 
degradation of PCE. 

Metals are inherent to soil, sediment, and groundwater. For this reason, concentrations of metals 
must be discussed with respect to background or natural concentrations. Metal solutes behave 
differently than organic solutes. While the fate and transport of metal solutes generally occur by 
the same three processes described above, the fate of metals is significantly affected by 
groundwater and aquifer matrix chemistry. The concentration of metals and their movement are 
dependent on such things as ion exchange capacity, pH, and redox potential. Table 5-1 presents 
an assessment of relative environmental mobility of inorganics as a function of Eh and pH. 
Different metals will behave differently under the same conditions. Metal solutes therefore, need 
to be examined individually. 

5.3 Fate and Trans~ort Summary 

The paragraphs that follow discuss transport mechanisms and the fate for the significant 
contaminants discussed in Section 4.0. 



5.3.1 Volatile Organic Compounds 

VOCs tend to be mobile in environmental media as indicated by their presence in groundwater 
and their corresponding MI valueslretardation factors. Their environmental mobility is a function 
of high water solubility's, high vapor pressures, low &, and K, values, and high mobility 
indices. Because VOCs are highly mobile in soil, they will readily leach to underlying 
groundwater. Detections of VOCs in surface and subsurface soil in and around SWMU 336 
indicate no significant source for the groundwater contamination at SWMU 336. 

VOCs potentially related to the paint stripper were detected in soil and temporary wells located in 
and around the SWMU. Figures 4-1 and 4-2 show the distribution of the organics and inorganics 
in soil and groundwater. Based on each solute's MI valuelretardation factor, each solute is 
expected to migrate at a different rate. Additionally, over time, transformation of the original 
solutes is expected. 

The primary source area has not been positively identified in the vicinity of the SWMU. 
However, due to the fact that methylene chloride is a compound typically used as a paint remover 
and PCE is typically used as a degreaser for metals, it is very possible that the drain lines exiting 
the paint stripping area may have been the source of PCE in groundwater and the methylene 
chloride detections in soil. It is also possible that the detected methylene chloride is due to 
laboratory contamination and is not site-related. 

5.3.2 Metals 

According to Section 4.0, the presence of cadmium in soil above the screening criteria value is 
limited to one surface soil sample. The concentration of 4.4 mgkg is relatively low, but does 
exceed the NC STGC of 2.72 mglkg. Cadmium is used in the electroplating of aircraft parts and 
in pigments or. paint, therefore consistent with the by-products expected from paint stripping 
activities at the SWMU. However, due to the limited nature, the low concentration detected, and 
relative mobility, it is unlikely that the dissolution of cadmium from soils to groundwater would 
occur. This is evident in the fact that cadmium was not detected in subsurface soils and has not 
been detected in groundwater at concentrations exceeding NC 2L standards. 





TABLE 5-1 

RELATIVE MOBILITIES OF METALS AS A FUNCTION OF ENVIRONMENTAL CONDITIONS 
SWMU 336 

RCRA FACILITY INVESTIGATION (CTO-0091) 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Notes: 
Se = Selenium 
Zn = Zinc 
Cu = Copper 
Ni = Nickel 
Hg = Mercury 
Ag = Silver 
As = Arsenic 

Relative Mobility 
Very high 
High 
Medium 
Low 
Very Low 

Cd = Cadmium 
Ba = Barium 
Pb = Lead 
Fe = Iron 
Cr = Chromium 
Be = Beryllium 
Zn = Zinc 

Source: Swartzbaugh, et al. "Remediating Sites Contaminated with Heavy Metals." 
Hazardous Materials Control, November/December 1992. 

Environmental Conditions 
Oxidizing 

Se, Zn 
Cu, Ni, Hg, AP As, Cd 
Pb, Ba, Se 
Fe, Cr 

Acidic 

Se, Zn, Cu, Ni, Hg, Ag 
As, Cd 
Pb, Ba, Be 
Cr 

NeutraYAlkaline 
Se 

As, Cd 
Pb, Ba, Be 
Cr, Zn, Cu, Ni, Hg, Ag 

Reducing 

Cr, Se, Zn, Cu, Ni, Hg, Pb, 
Ba, Be, Ag 



TABLE 5-2 

ORGANIC PHYSICAL AND CHEMICAL PROPERTIES 
SWMU-336 

RCRA FACILITY INVESTIGATION - CTO-0091 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Specific 

Notes: 
Sources - U.S. Environmental Protection Agency. Superfund Public Health Evaluation Manual. EPA 540/1-861060 (October, 1986). 
NA - Not available 

Potential Concern 
Tetrachloroethene (PCE) 

Henry's Law Mobility Index Input Parameters 
Constituents of log KO, Gravity Constant Vapor Pressure I Water Solubility I Koc 

(unitless) 
2.60 

Mobility 

(unitless) 
1.62 

methylene chloride 

Comments 

5.90 

(atm-m3/mol) 
2.59E-02 

- - 

0.95 extremely mobile - 
(mm Hg) 
1.78E+0 1 

1.33 

(mgw 
150 

4.40E-02 4.3 1E+03 

(mL/g) 
3 64 

6500 

Index 
0.87 

3 5 
very mobile 



TABLE 5-3 

RETARDATION AND VELOCITY CALCULATIONS 
SWMU 336 

RCRA FACILITY INVESTIGATION - CTO-0091 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Source: 

(') Superhnd Public Health Evaluation Manual (EPA 54011-861060) 

(2) Base-wide average compiled from various Baker projects 

(3) Soil Survey of Onslow County, North Carolina 

(4) Effective prosity estimated at 30 % 

Groundwater velocity is determined by: 
V = Kin, x i Where K = feet/day (SWMU 30313 18, ~ ~ c i a l )  

(effective porosity, see footnote #4) 
feet/foot (gradient, Figure 3-5) 

(6)  Contaminant velocity is determined by: 
V, = Vgw/R, where V,= Contaminant velocity 

VgW= Groundwater velocity 
R= Retardation factor 



TABLE 5-3 

RETARDATION AND VELOCITY CALCULATIONS 
SWMU-360 

RCRA FACILITY INVESTIGATION - CTO-0143 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Source: 

( I )  Superfund Public Health Evaluation Manual (EPA 54011 -861060) 

(2) Base-wide average compiled from various Baker projects 

(3) Soil Survey of Onslow County, North Carolina 

(4) Technical Protocol for Evaluating Natural Attenuation of Chlorinated Solvents in Groundwater (EPA/600/R-981128) 

Surficial Aquifer . 

( 5 )  Groundwater velocity is determined by: 
V=Wn,x i  WhereK= feedday (Table 3-2, surficial) -feedday (Table 3-2, Castle Hayne) 

(effective porosity, see footnote #4) 
feet/foot (gradient, Figure 3-5) 

Constituents of 
Potential Concern 

cis 1,2-Dichloroethene 
Tetrachloroethene (PCE) 
Trichloroethene (TCE) 
Vinyl chloride 

(6) contaminant velocity is determined by: 
Vc = V, JR, where Vc= Contaminant velocity 

V,= Groundwater velocity 
R= Retardation factor 

K ~ > I )  

(mL/g) 
49 
3 64 
126 
5 7 

Castle Hayne Aquifer 41 - % - z * j 98 

~ O C  (2) 

0.0024 
0.0024 
0.0024 
0.0024 

cis 1,2-Dichloroethene 
Tetrachloroethene (PCE) 
Trichloroethene (TCE) 
Vinyl chloride 

K d  

(KO, x foe) 
1.18E-01 
8.74E-01 
3.02E-01 
1.37E-0 1 

49 
3 64 
126 
57 

Bulk 
~ens i ty '~)  

(g/cm3) 
1.5 
1.5 
1.5 
1.5 

0.0024 
0.0024 
0.0024 
0.0024 

Soil 
~orosity'~) 

?A) 
0.3 
0.3 
0.3 
0.3 

1.18E-01 
8.74E-01 
3.02E-01 
1.37E-01 

Retardation 
Factor 
1.59 
5.37 
2.5 1 
1.68 

1.5 
1.5 
1.5 
1.5 

Groundwater 

(feedday) 
0.05 
0.05 
0.05 
0.05 

0.3 
0.3 
0.3 
0.3 

Constituent 

(feedyear) 
11.58 
3.43 
7.32 
10.92 

1.59 
5.37 
2.5 1 
1.68 

0.27 
0.27 
0.27 
0.27 

61.51 
18.20 
38.88 
58.00 



6.0 HUMAN HEALTH RISK ASSESSMENT 

A baseline human health risk assessment (HHRA) was completed as part of the RFI for SWMU 
336 to evaluate if unacceptable risks may be associated with potential exposure to existing 
conditions at the SWMU. The baseline HHRA considers the most likely routes of potential 
human exposure for both current and fbture land use scenarios. The baseline HHRA was 
conducted in accordance with the Risk Assessment Guidance for Superfund (RAGS). Part A, 
Human Health Evaluation Manual (USEPA, 1989) and the most recent updates, including the 
reporting format as set forth in RAGS Part D (USEPA, 2001a). USEPA Region IV Supplemental 
Risk Guidance (USEPA, 2000) was also utilized throughout the baseline HHRA process. Soil 
and groundwater data from the Phase I (Baker, 2001a) and Phase I1 (2005) CSI Reports and the 
2005 RFI field investigation activities were evaluated in this baseline HHRA. 

The baseline HHRA is comprised of eight sections. Section 6.1 presents the SWMU location and 
characterization. Section 6.2 presents the hazard identification, which presents criteria for 
selecting COPCs. Sections 6.3 and 6.4 present the exposure assessment and toxicity assessment, 
respectively. The risk characterization, including a discussion of potential human health effects, 
is presented in Section 6.5. Section 6.6 outlines the potential sources of uncertainty encountered 
in the process of performing a risk assessment, and their potential effects on the estimation of 
human health risks. A summary of the baseline HHRA is provided in Section 6.7. References 
are provided in Section 6.8. 

6.1 Site Location and Characterization 

The following information is provided in order to characterize the exposure setting at the SWMU. 
This background section provides an overview of the characteristics of the SWMU, as well as the 
SWMU location, a general SWMU description, and the SWMU-specific chemicals as discussed 
in past reports. The physical characteristics of the SWMU and the geographical areas of concern 
are also briefly discussed. A complete discussion of the previous investigations and 
characteristics of the SWMU is included in Section 1.0 of this RFI report. 

SWMU 336 consists of a pair of paint stripping vats located in a separate room within Building 
AS-4106 at MCAS New River. The floor beneath the vats is concrete with two floor drains 
located on either side of the vats. A spill kit is located near the exit doors. Spills that occur at 
this SWMU are properly contained and cleaned up according to Base personnel. 

SWMU 336 (the paint stripper) is located inside Building AS-4106, on the northwest side of the 
building. The overall topography in the vicinity of the study area is flat to gently sloping. The 
surface elevation at White Street is approximately 24-feet above msl. The surface elevation of 
the asphalt storage area, to the northwest of AS-4106, is approximately 23.4-feet above msl. A 
concrete drainage channel designed to convey surface water runoff, is located northwest of the 
SWMU and southeast of White Street. 

Surface water flow across the study area is controlled. Due to the developed nature of the study 
area, rainwater runoff is collected in roof gutters, storm water sewer inlets in parkinglstorage 
areas, and in drainage ways along roads. Direct infiltration occurs in the limited grassy areas 
found along side building AS-4106. During heavy rain events, it is assumed that all surface water 
flows to the storm water system. 



Refer to Section 1.3 for details on previous investigations conducted at the SWMU. Refer to 
Section 2.0, "Field Investigation," for details on the collection of the samples for the RFI field 
investigation activities conducted in March and April 2004. 

The laboratory results from the Phase I (Baker, 2001a) and Phase I1 (Baker, 2005) CSI Reports 
and RFI (2004) sampling activities that were utilized in the human health risk assessment are 
discussed in Section 6.2 "Hazard Identification." 

6.2 Hazard Identification , 

Data generated during the Phase I1 CSI and the 2004 RFI field investigation at the SWMU were 
used to draw conclusions and to identify data gaps in the baseline HHRA. The data were 
evaluated to assess which data were of sufficient quality to include in the risk assessment. The 
objective when selecting data to include in the risk assessment was to provide accurate and 
precise data to characterize contamination and evaluate exposure pathways. 

6.2.1 Data Evaluation 

The initial hazard identification step included validation and evaluation of available data to 
determine its usability in the risk assessment. During this validation and evaluation process, data 
that would result in inaccurate conclusions (e.g., data that were rejected or attributed to blank 
contamination, as qualified by the validator) were reduced within the data set. Data reduction 
included removal of unreliable data from the original data set based on guidelines established by 
USEPA. A summary of the data quality is presented in Section 4.0. 

Duplicate sample data were averaged with corresponding environmental sample data and re- 
included into the data set for these risk evaluations. In instances where the original and 
duplicate sample result were either both detected or both non-detected, the values were 
averaged. In instances when the original and duplicate sample result contained one positive 
detection and one non-detection, the detected value was averaged using one-half of the detection 
limit of the non-detected value and the averaged sample result was considered a positive 
detection. 

6.2.2 Identification of Data Suitable for Use in a Quantitative Risk Assessment 

To provide for accurate conclusions to be drawn from sampling results, analytical data were 
reviewed and evaluated. This section summarizes the available analytical data for SWMU 336 
and the subsequent reduction of these data to the data sets that were used in the HHRA. 

Data available for this HHRA included surface soil, subsurface soil, and groundwater data 
collected for the Phase I1 CSI (Baker, 2005) and the current RFI field investigation. These 
investigations were conducted in series with specific goals for each investigation. The Phase I1 
investigation was conducted to determine if activities associated with the SWMU had possibly 
impacted the environment surrounding the SWMU. Therefore, the samples collected as part of 
this investigation were located as near to the drain lines exiting the SWMU as physically possible. 
If a specific group of contaminants were not detected in the samples (e.g. semivolatile organics), 
then they were eliminated as contaminants of concern for this particular SWMU. As such, 
subsequent investigations did not include any group of contaminants that had been eliminated as a 
potential contaminant of concern. 
The Phase I1 CSI (Baker, 2005) was conducted in MarchIApril 2002. Additional samples were 
collected during a supplemental Phase I1 investigation conducted in JuneIJuly 2003. As part of 



the Phase II CSI, soil samples were collected at six temporary well borings advanced within the 
vicinity of the drain lines exiting the room with the paint stripping vats and groundwater was 
sampled from six temporary wells. The soil and groundwater samples were analyzed for VOCs, 
SVOCs, and RCRA metals. Tetrachloroethene (PCE) was detected in groundwater at 
concentrations exceeding the screening value and a RFI was recommended to adequately 
characterize the SWMU. 

The field investigation for the RFI was conducted by Baker in January and February, 2005. The 
RFI field investigation included the collection of four surface soil samples (0-1 foot bgs), eleven 
subsurface soil samples, and twelve groundwater grab samples. The soil and groundwater 
samples were analyzed for VOCs, and approximately one third of the soil samples were analyzed 
for RCRA metals. Groundwater samples were additionally analyzed in the field for pH, specific 
conductance; dissolved oxygen, temperature, and turbidity. 

A subset of the available data was used for this HHRA. All surface soil samples collected from 
0-1 foot bgs and any subsurface soil data collected from 1 to 13 feet bgs were used in the HHRA. 
All available groundwater data were included in the risk evaluation. These data are presented in 
Appendix E. 

Shallow groundwater is currently not utilized as a potable source at the site. Although the 
shallow aquifer is classified as GA (i.e., existing or potential source of drinking water for 
humans), it is not used as a potable water source at MCB Camp Lejeune because of its low 
yielding production rates. However, there remains the possibility that upon closure of this 
facility, residential housing or industriaVcommercia1 buildings could be constructed, and 
groundwater at the SWMU could be used for potable purposes in the future. Therefore, in 
accordance with USEPA guidance, groundwater exposure was conservatively evaluated for future 
residential receptors. 

For current receptors (military Base personnel), potable water is supplied by the Base treatment 
facilities using water supply wells that are set in the lower reaches of the Castle Hayne aquifer 
(typically 200 to 300 feet bgs). Current operating wells are periodically sampled for control 
purposes. Hence, assessing current risks to constituents detected in the groundwater for current 
receptors is unnecessary and, if estimated, may present an unlikely risk. Based on this, 
groundwater exposure to current receptors was not estimated for this investigation. 

Information relating to the nature and extent of contamination at the SWMU is provided in 
Section 4.0 of this report. The reduced data sets for all site media of concern used in this HHRA 
are provided in Appendix E of this report. 

6.2.3 Criteria for Selecting Chemicals of Potential Concern 

As recommended in the USEPA RAGS (USEPA, 1989) and Region IV Bulletin (USEPA, 2000), 
the following criteria were used to select the COPCs: 

Comparison to USEPA Region IX PRGs 
Comparison to field and laboratory blank data 
Comparison to background or naturally occurring levels 

Additional criteria used to assist in the evaluation of COPCs include: 

Historical information 

6-3 



Persistence 
Mobility 
Toxicity 
ARARs (State and federal standards and criteria) 

A brief description of the selection criteria used in selecting final COPCs is presented below. 
Tables 2.1 through 2.5 of Appendix F present the data and COPC selection summary for each 
media, grouped according to organic compounds and metals within each table. 

USEPA Region IX PRGs - The USEPA Region IX PRGs are tools for evaluating and cleaning 
up contaminated sites. They are risk-based concentrations derived fiom standardized equations 
(representing ingestion, deda l  contact, and inhalation exposure pathways), combining exposure 
information assumptions and EPA toxicity data. The PRGs are generic values calculated without 
using site-specific information and should be viewed as Agency guidelines, not legally 
enforceable standards. The PRGs for potentially carcinogenic chemicals are based on a target 
Incremental Lifetime Cancer Risk (ILCR) of 1x10-~~;  The PRGs for noncarcinogens are based on 
a target hazard quotient (HQ) of 1.0. In order to account for cumulative risk from multiple 
chemicals in a medium, it is necessary to derive the PRGs based on a target HQ of 0.1. 
Noncarcinogenic PRGs based on a target hazard quotient of 0.1 and the most recent toxicological 
criteria available, results in a set of values that can be used as screening criteria. In order to yield 
a hazard index of 0.1, the noncarcinogenic PRGs were divided by a factor of ten. For potential 
carcinogens, the toxicity criteria applicable to derivation of the PRG values are oral and 
inhalation cancer slope factors (CSFs); for noncarcinogens, they are chronic oral and inhalation 
reference doses (RfDs). These toxicity criteria are subject to change as more updated information 
and results from the most recent toxicological/epidemiological studies become available. The 
PRG table is updated annually to reflect such changes. It should be noted that the most recent 
update was in October 2004 (USEPA, 2004a). 

Tap water PRGs were used as screening values for groundwater based on the conservative 
assumption that groundwater will be used as a potable supply in the future. It should be noted 
that in Section 4.0 of this document, industrial soil PRGs were used to assist in evaluation of the 
laboratory analytical results and extent of contamination based on the nature of land use  at 
SWMU 336 and the surrounding area. However, in accordance with USEPA Region IV guidance 
and because of the potential for residential use of this site (albeit unlikely), residential soil PRGs 
were used as screening criteria for soil (USEPA, 2000) in this HHRA. USEPA Region IV 
guidance recommends industrial screening criteria be used for comparison to subsurface soil data 
only for construction worker scenarios. Therefore, in the event that constituents in subsurface 
soil exceeded residential soil PRGs, industrial PRGs were also used for comparison to the 
subsurface soil when considering the construction worker scenario. 

Contaminant Concentrations in Blanks - If a chemical is detected in both the environmental 
sample and a blank sample, it may not be retained as a COPC in accordance with RAGS Part A 
depending on the concentration of the chemical in the media (USEPA, 1989). Therefore, blank 
data were compared with results from environmental samples. If the blanks contained detectable 
results for common laboratory contaminants (i.e., acetone, 2-butanone, methylene, chloride, 
toluene, and phthalate esters), environmental sample results were considered as positive results 
only if they exceeded 10 times the maximum amount detected in the associated blank. If the 
chemical detected in the blank(s) is not a common laboratory contaminant, environmental sample 
results were considered as positive results only if they exceeded five times the maximum amount 
detected in the associated blank(s) (USEPA, 1991a). Furthermore, the elimination of an 



environmental sample result would directly correlate to a reduction in the prevalence of the 
contaminant in that media. 

The aforementioned methodologies for evaluating blanks were implemented during third party 
analytical data validation prior to the selection of COPCs in this HHRA. 

Background or Naturally-Occurring Levels - Generally, a comparison to naturally-occurring 
levels applies only to inorganic analytes, because the majority of organic chemicals are not 
naturally occurring. Background samples are collected from areas that are not influenced by site 
contamination. Sample concentrations for surface soil, subsurface soil, and groundwater were 
compared to base-specific background levels. If the maximum detected concentration of an 
inorganic was less than two times the average background concentration, it was not retained as a 
COPC. 

Surface and subsurface soil background data were obtained from the Area of Concern 
Backmound Study (Baker, 2001b). SWMU-specific background concentrations were established 
using protocol outlined in Ohio Environmental Protection Agency's (OEPA's) Closure Plan 
Review Guidance for RCRA Facilities (OEPA, 1999). NC DENR agreed that SWMUs could be 
grouped together into AOCs based on geographical location, geology, and type of SWMU, and 
that background concentrations for metals could be established for each of these AOCs. These 
background data are to be evaluated in comparison to levels of inorganic constituents detected at 
individual SWMUs to assess whether the presence of such constituents is naturally occurring or 
may be attributed to activities (past andlor present) within the AOCs. SWMU 336 was included 
within AOC 2. Therefore, surface and subsurface soil data from the SWMU were compared to 
the AOC 2 background data set. Background soil data are presented in Tables 2.1 through 2.3 of 
Appendix F. 

Groundwater background data were obtained from the Base Background Groundwater 
Investigation (Baker, 2002). Background groundwater data were collected from locations 
throughout the Base away from identified sites in relatively undisturbed areas not near any known 
sources of contamination. In the Base Background Groundwater Investigation, groundwater data 
were divided into two categories, including upper (shallow) and lower (deep) portions of the 
surficial aquifer. Groundwater samples at the SWMU were collected from the shallow portions 
of the surficial aquifer (less than 25 feet bgs); therefore, they were compared to the background 
data set for the upper surficial aquifer. Background groundwater data are presented in Tables 2.4 
and 2.5 of Appendix F. 

Re-inclusion of Chemicals as COPCs - Chemicals can be re-included as COPCs for 
quantitative evaluation in the baseline HHRA, despite having been eliminated as such from a 
comparison to PRGs (or other aforementioned criteria). Criteria for reinclusion of chemicals as 
COPCs are as follows: toxicity, mobility, persistence, and bioaccumulation, chemicals by class 
(i.e., carcinogenic polynuclear aromatic hydrocarbons [PAHs]), historical use, special exposure 
routes (i.e., .daycares, nursing homes, hospitals), and chemicals with Applicable or Relevant and 
Appropriate Requirements (ARARs). Each criterion is discussed in the paragraphs that follow. 

Toxicity, Mobility, Persistence, and Bioaccumulation - Certain aspects of toxicity of the 
chemicals must be considered before eliminating them as COPCs. For example, before 
eliminating potentially carcinogenic chemicals, the weight-of-evidence classification, which 
indicates the quality and quantity of data underlying a chemical's designation as a potential 
human carcinogen, should be considered in conjunction with the concentrations detected at the 
site. It may be practical and conservative to retain a chemical that was detected at low 



concentrations if that chemical is a Group A carcinogen. Three additional factors that must be 
considered for a chemical's retention as a COPC are mobility, persistence, and bioaccumulation. 
For example, a highly volatile or mobile chemical such as benzene or a long-lived or persistent 
chemical such as dioxin, probably should remain in the risk assessment. 

Chemicals by Class - Chemicals grouped by class, such as PAHs, may be included as a COPC 
despite the fact that some were detected at levels below the PRG screening criterion, or if toxicity 
information is not available. Carcinogenic PAHs are known to occur in groups and so their 
reinclusion can provide a more conservative evaluation for human health and the environment. 

Historical Information - Chemicals reliably associated with site activities based on historical 
information generally should not be eliminated from thequantitative risk assessment, even if they 
do not exceed relevant criteria. 

Special Exposure Routes - For some chemicals, certain exposure routes need to be considered 
carefully to determine if they should be reincluded. For example, some chemicals are highly 
volatile and therefore exposure via inhalation during use of contaminated water, particularly for 
showering may be important exposure routes. 

ARARs - Chemicals with ARARs (including those relevant to land ban compliance) usually are 
not appropriate for exclusion from the quantitative risk assessment. This may, however, depend 
in part on how the chemicals' site concentrations in specific media compare with their ARAR 
concentrations for these media. (USEPA, 1989). 

Regulatory guidelines are used, when necessary, to infer potential health risks and environmental 
impacts. Health Advisories (HA) are relevant regulatory guidelines. An explanation of the 
federal and state criteria and standards used for qualitative evaluation of constituents is presented 
below. It should be emphasized that COPCs were not chosen based on comparison to state and 
federal criteria. However, these standards and criteria were used for a qualitative analysis of the 
COPCs. 

North Carolina Water Quality Standards for Groundwater (2L Standards) - North Carolina 
2L Standards (15A NCAC 2L. 0202) are the maximum allowable concentrations resulting from 
any discharge of contaminants to the land or waters of the state, which may be tolerated without 
creating a threat to human health or which otherwise render the groundwater unsuitable for its 
intended purpose (NC, 2005). 

USEPA Maximum Contaminant Levels (MCLs) - USEPA MCLs are enforceable standards 
for public water supplies promulgated under the Safe Drinking Water Act and are designed for 
the protection of human health while tahng into consideration technological and cost 
considerations. MCLs apply to drinking water supplies consumed by a minimum of 25 persons. 
They are designed for prevention of human health effects associated with a lifetime exposure 
(70-year lifetime) of an average adult (70 kg) consuming 2 liters of water per day. MCLs also 
consider the technical feasibility of removing the contaminant from the public water supply 
(USEPA, 1996). 



6.2.4 Selection of COPCs 

As discussed previously, surface soil, subsurface soil, and groundwater samples were collected at 
the SWMU during one or more of three different field investigations. The data sets used in this 
HHRA were combined for each medium and are presented in Appendix E. Tables 2.1 through 
2.5 of Appendix F present the selection of COPCs for each environmental medium based on 
comparisons of maximum detected concentrations of constituents with corresponding USEPA 
Region IX PRGs, and other applicable criteria (see Section 6.2.1). Constituents retained as 
COPCs are indicated by shaded cells in the tables. 

The following subsections present the rationale for selection of COPCs. Sample locations, 
analytical results, and corresponding figures are presented in Sections 2.0 and 4.0 and in the 
appendices of this RFI report. 

Surface Soil - Current 

Surface soil samples (0 to 1 foot bgs) collected during the Phase I1 CSI were analyzed for VOCs, 
SVOCs, and RCRA metals. Surface soil samples collected during the RFI were analyzed for 
VOCs with approximately one third of the soil samples analyzed for RCRA metals. The surface 
-soil data set for the current exposure scenario includes surface soil samples collected in exposed 
areas. The surface soil data summary and COPC selection results for the current exposure 
scenario are presented in Table 2.1 of Appendix F. 

There were no detected VOCs that exceeded the residential soil PRGs. Therefore, VOCs were 
not retained as surface soil COPCs for the current scenario. 

There were no detected SVOCs that exceeded the residential soil PRGs. Therefore, SVOCs were 
not retained as surface soil COPCs for the current scenario. 

Cadmium was detected at a maximum concentration greater than its residential soil PRG. 
Therefore, cadmium was retained as a surface soil COPC for the current scenario. 

Surface Soil - Future 

Surface soil samples (0 to 1 foot bgs) collected during the Phase 11 CSI were analyzed for VOCs, 
SVOCs, and RCRA metals. Surface soil samples collected during the RFI were analyzed for 
VOCs with approximately one third of the soil samples analyzed for RCRA metals. The surface 
soil data set for the future exposure scenario includes all surface soil samples including those that 
are currently covered by asphalt or concrete. For the future scenario, the study area surface soil 
was assumed to be exposed. The surface soil data summary and COPC selection results for the 
future exposure scenarios are presented in Table 2.2 of Appendix F. 

There were no detected VOCs that exceeded the residential soil PRGs. Therefore, VOCs were 
not retained as surface soil COPCs for the future scenario. 

There were no detected SVOCs that exceeded the residential soil PRGs. Therefore, SVOCs were 
not retained as surface soil COPCs for the future scenario. 

Cadmium was detected at a maximum concentration greater than its residential soil PRG. 
Therefore, cadmium was retained as a surface soil COPC for the future scenario. 



Subsurface Soil 

Subsurface soil samples (7 to 13 feet bgs) collected during the Phase I1 CSI were analyzed for 
VOCs, SVOCs, and RCRA metals. Subsurface soil samples (1 to 13 feet bgs) collected during 
the RFI were analyzed for VOCs with approximately one third of the soil samples analyzed for 
RCRA metals. The subsurface soil data summary and COPC selection results are presented in 
Table 2.3 of Appendix F. 

There were no detected VOCs, SVOCs, or RCRA metals that exceeded the residential PRGs. 
Therefore, there were no COPCs retained for subsurface soil. 

Note that there were no COPCs retained for subsurface soil based on comparison to residential 
PRGs. It follows that none of the maximum concentrations of detected constituents would 
exceed industrial PRGs. Therefore, comparison of the subsurface soil data to industrial COPCs is 
not presented as a separate table. 

Groundwater 

Groundwater samples were collected fiom six temporary wells during the Phase I1 CSI and 
analyzed for VOCs, SVOCs, and RCRA metals. Groundwater grab samples were collected from 
eleven locations during the RFI and analyzed for VOCs. The groundwater data summary and 
COPC selection results are presented in Tables 2.4 and 2.5 of Appendix F. Table 2.4 presents the 
comparison of groundwater data to Tap Water PRGs. Table 2.5 presents the comparison of 
groundwater data to North Carolina 2L Standards. Note that COPCs were not selected based on 
the comparison with North Carolina 2L Standards and hence Table 2.5 is for presentation 
purposes only. 

1,2,3-Trichlorobe~uene, naphthalene, and PCE were detected in the groundwater samples at 
concentrations that exceeded their respective Tap Water PRGs. Therefore, these VOCs were 
retained as groundwater COPCs. PCE was the only constituent detected at a concentration 
greater than its North Carolina 2L Standard. 

There were no detected RCRA metals that exceeded the Tap Water PRGs. Therefore, metals 
were not retained as groundwater COPCs. 

6.2.5 Summary of COPCs 

The following constituents were retained as COPCs for further analysis: 

Surface Soil: cadmium 

Subsurface Soil (residential and industrial): none 

Groundwater: 1,2,3-trichlorobenzene, naphthalene, and PCE 

6.3 Exposure Assessment 

The exposure assessment estimates the magnitude of actual andlor potential human exposure, the 
frequency and duration of those exposures, and the pathways (i.e., inhalation, ingestion, and 
dermal contact) by which people are potentially exposed. To determine whether human exposure 
could occur at the SWMU in the absence of remedial action, an exposure assessment, which 



identifies potential exposure pathways and receptors, was conducted. The following four 
elements were considered to determine whether a complete exposure pathway was present 
(USEPA, 1 989): 

A source and potential mechanism of chemical release 
An environmental retention or transport medium 
A point of potential human contact with the contaminated medium; and 
A human exposure route (e.g., ingestion) at the contact point. 

The exposure scenarios discussed in this report represent USEPA's Reasonable Maximum 
Exposure (RME). Relevant equations for assessing intakes and exposure factors were obtained 
from RAGS Part A (USEPA, 1989), Region IV Bulletin (USEPA, 2000), Exposure Factors 
Handbook (USEPA, 1997), Dermal Exposure Assessment: Principles and Applications. Interim 
Reuort (USEPA, 1992), RAGS Part E, Supplemental Guidance for Dermal Risk Assessment 
Final (USEPA, 2004b), Superfund's Standard Default Exposure Factors for the Central Tendency 
and Reasonable Maximum Exposure (USEPA, 1993), and Standard Default Exposure Factors, 
Interim Final (USEPA, 1991b). The Central Tendency (CT) risk descriptor was also used for 
exposure scenarios when the RME scenarios indicated a potential risk to human health, to more 
completely present the range of possible risks. The CT exposure calculations use less 
conservative exposure factors (as appropriate) to calculate chemical intakes for the CT-case 
scenarios. In this baseline HHRA, the CT exposure scenario was calculated only for those RME 
exposure scenarios that resulted in unacceptable risk or hazard levels. The inclusion of the CT 
exposure scenario provides a range of potential carcinogenic risks and noncarcinogenic health 
hazards with which to make informed risk management decisions when determining remedial 
action. 

6.3.1 Potential Human Receptors 

Camp Lejeune operates as a Marine Corps base. It is assumed that long-term plans for the facility 
and land use are generally the same as the present plan. Based on information available regarding 
the physical features, site setting, site historical activities, and current and expected land uses, 
four potential human receptors have been selected for evaluation. These include: 

Future Adolescent (7-1 6 years) Trespassers 
Current Military Base Personnel 
Future Resident Adults and Children (1 -6 years) 
Future Construction Workers 

SWMU 336 consists of a pair of paint stripping vats located in a separate room within Building 
AS-4106 located near the air field MCAS New River. The floor beneath the vats is concrete with 
two floor drains located on either side of the vats. The old vats have been removed and replaced 
with a newer, more modern operation. However, the process is still in operation. The area 
surrounding Building AS-4106 is mostly concrete or asphalt paving. There are some small 
manicured lawn areas along the building. Access to the study area is restricted to military 
,employees. Current receptors include military Base personnel who may be involved in 
maintenance activities or paint stripping operations in the area. 

Current adult military Base personnel who work or train in the study area may be exposed to 
COPCs and media of concern at the SWMU. These include military personnel stationed at the 
Base. A standard tour of duty of four years was assumed. Workers were evaluated for incidental 
ingestion of and dermal contact with surface soil and inhalation of fugitive dusts from the surface 



soil. It should be noted that exposure to surface soil in the study is considered unlikely since it is 
covered with manicured grass. 

At present, shallow groundwater in the vicinity of the SWMU is not utilized for potable purposes. 
For the current military Base personnel receptors, potable water is derived from water supply 
wells that withdraw water from the deeper Castle Hayne aquifer. The groundwater is treated at 
one of five plants on the Base. The nearest water supply well is located approximately 1250-feet 
hydraulically side-gradient of the SWMU (see Section 3.2). As a result, current groundwater 
exposure was not assessed. Exposure to subsurface soil in the current scenario is unlikely for the 
receptor population. Consequently, subsurface soil exposure was not considered to be viable. 

Although residential development by the military or general public is unlikely in the 
industrialized area of the SWMU, future hypothetical residential exposure to children and adults 
was evaluated. The fbture adult and child residential receptors could potentially be exposed to 
COPCs in surface soil by ingestion and dermal contact, and inhalation of dusts from surface soil. 
Residential receptors could also potentially be exposed to COPCs in subsurface soil (ingestion 
and dermal contact, and inhalation of dusts) should that soil be excavated. The depths of soil 
samples considered in the risk evaluation for future residents were 1 to 13 feet bgs. However, 
there were no COPCs selected for subsurface soil. Therefore, this exposure pathway was not 
evaluated quantitatively for the future residents in this HHRA. Groundwater at the SWMU is 
currently not utilized as a potable source. However, it is possible that the groundwater could be 
used for potable purposes in the future. Therefore, in accordance with USEPA guidance, 
groundwater exposure via ingestion, dermal contact, and inhalation of volatiles was 
conservatively evaluated for future residential receptors. Total inorganic results in groundwater 
were evaluated according to USEPA Region IV guidance. 

Future construction workers that may perform excavation and construction at the SWMU were 
also evaluated for incidental ingestion and dermal contact exposures to excavated surface soil, as 
well as the inhalation of fugitive dusts emanating from surface soil during 
excavation/construction activities. The depths of soil samples considered in the risk evaluation 
for construction workers were 1 to 13 feet bgs. However, there were no COPCs selected for 
subsurface soil. Therefore, this exposure pathway was not evaluated quantitatively for future 
construction workers in this HHRA. Construction workers may also be exposed via dermal 
contact to shallow groundwater when performing excavation activities at the SWMU. Therefore, 
dermal contact with groundwater is also evaluated for this receptor as a potential exposure 
pathway. 

In summary, the following potential human receptors and exposure pathways were retained for 
quantitative evaluation in this baseline HHRA. 

Current Military Base Personnel 

Incidental Ingestion of Surface Soil 
Dermal Contact with Surface Soil 
Inhalation of Fugitive Dusts Emanating from Surface Soil 

Future Adolescent (Ages 7-1 6 Years) Trespassers 

Incidental Ingestion of Surface Soil 
Dennal Contact with Surface Soil 
Inhalation of Fugitive Dusts Emanating from Surface Soil 



Future Adult and Child (Ages 1-6 Years) Residents 

Incidental Ingestion of Surface Soil 
Dermal Contact with Surface Soil 
Inhalation of Fugitive Dusts Emanating from Surface Soil 
Ingestion of Groundwater 
Dermal Contact with Groundwater 
Inhalation of VOCs in groundwater while showering 

Future Construction Workers 

Incidental Ingestion of Surface Soil 
Dermal Contact with Surface Soil 
Inhalation of Fugitive Dusts from Surface Soil 
Dermal Contact with Groundwater 

6.3.2 Conceptual Site Model 

Development of a conceptual site model of potential exposure is critical in evaluating exposures 
for the human receptors. The conceptual site model considers all reasonable current and future 
potential exposures and media of concern under a no-action scenario. Current and potential 
fiture exposure scenarios for the SWMU are summarized in the conceptual site model presented 
as Figure 6-1. Current exposures evaluated at the SWMU included military Base personnel. 
Future exposures evaluated at the SWMU included adolescent trespassers, construction workers, 
and residents. 

Potential contaminant release mechanisms from affected media include stormwater runoff, 
leaching to underlying groundwater, and advective transport in the direction of groundwater flow. 
Potentially affected media at the SWMU may include surface and subsurface soil and 
groundwater. 

The current/potential future land use scenarios considered adult exposures. In addition, a 
residential child, 1-6 years old, and an adolescent trespasser, 7-16 years old, were also 
considered. Exposure routes (i.e., ingestion, dermal contact, and inhalation) for each exposure 
scenario are summarized in Figure 6-1. 

6.3.3 Quantification of Exposure 

Exposure to contaminants is quantified using 1) data from the SWMU (i.e., concentrations of 
contaminants) and 2) determining human exposure to the environmental media. The chemical 
concentrations used in the estimation of chronic daily intakes (CDIs) and dermally-absorbed 
doses (DADs) for each medium are considered to be representative of the types of potential 
exposures encountered by each receptor throughout the time of exposure. The equations used to 
calculate the CDIs and DADs for each receptor and exposure pathway are presented in Section 
6.3.5. Groundwater is in motion, thus chemical concentrations detected in these media change 
frequently over time. Soil generally moves more slowly through erosion and deposition. 
Therefore, groundwater contaminant concentrations may be best represented by the most recently 
collected data, while soil concentrations can include some older data, as appropriate. The manner 
in which environmental data are represented also depends on the number of samples and 
sampling locations available for a given area and a given medium. For example, exposure can 



occur at a portion of the SWMU (i.e., a "hotspot") or the entire SWMU, depending on the type of 
scenario considered for a given receptor. 

6.3.4 Data Analysis 

USEPA recommends using the average concentration to represent "a reasonable estimate of the 
concentration likely to be contacted over time" (USEPA, 1989). This concentration, commonly 
termed the exposure point concentration (EPC), is a conservative estimate of exposure of 
individuals to chemicals of potential concern at hazardous waste sites. The EPC is determined for 
each individual exposure unit within a site. An exposure unit is the area throughout which a 
receptor moves and encounters an environmental medium for the duration of the exposure. 
Unless there is site-specific evidence to the contrary, an individual receptor is assumed to be 
equally exposed to media within all portions of the exposure unit over the time frame of the risk 
assessment (USEPA, 2002a). 

USEPAys most recent guidance, Calculating Upper Confidence Limits for Exposure Point 
Concentrations at Hazardous Waste Sites (USEPA, 2002a), provides tools to calculate upper 
confidence limits to be used as EPCs in risk assessments. The USEPA 2002 guidance 
recommends the use of the software package, ProUCL (USEPA, 2001b), to calculate upper 
confidence limits for use in risk assessments. The most recent version of ProUCL is Version 3.0. 

The ProUCL software has been developed by USEPA to compute an appropriate 95% UCL of the 
unknown population mean. All upper confidence limit computation methods contained in the 
USEPA guidance documents are available in ProUCL, Version 3.0. ProUCL also can compute a 
95% UCL of the mean based upon the gamma distribution, which is better suited to model 
positively skewed environmental data sets (USEPA, 2001b). ProUCL tests for normality, 
lognormality, and a gamma distribution of the data set, and computes a conservative and stable 
95% UCL of the unknown population mean (assuming the data set consists of points from a 
single population) (USEPA, 2001b). Several parametric and distribution-free non-parametric 
methods are included in ProUCL. The upper confidence limit computation methods in ProUCL 
cover a wide range of skewed data distributions arising from the various environmental 
applications. 

USEPA Region IV groundwater EPC interim guidance (USEPA, 2002b) states that risk screening 
(carcinogenic and noncarcinogenic) for groundwater exposure should be estimated at each 
monitoring location for all COPCs. This is to allow the risk assessor to determine if there is a 
COPC(s) outside the defined contaminant plume that could potentially drive unacceptable risk but 
is masked because the well is located outside the plume. The center of the plume is defined as the 
well with the highest summed risk and the wells in close proximity to that well. The average 
concentration at those points should then be calculated. It .may be the case that these criteria are 
not met, and defining the center of the plume based on the above methodology is not possible. As 
previously noted, groundwater data for SWMU 336 consist of temporary well samples and 
groundwater grab samples. There are no permanent monitoring wells were installed. From these 
data, there was no plume identified at SWMU 336. Therefore, given the type of data and the fact 
that a plume was not identified, the maximum detected concentrations of the COPCs retained in 
groundwater were conservatively used as the exposure concentrations. 

Frequencies of detection, as well as maximum detected values, are presented in Tables 2.1 
through 2.5 of Appendix F. The computational output from the ProUCL calculations performed 
for each COPC is presented on Tables 3.1.RME through 3.3.RME of Appendix F and in 
Appendix G. The equations for estimating intakes due to direct exposures to site-related 



chemicals for the various identified pathways are presented in Section 6.3.5 and on the risk 
calculation spreadsheets found in Appendix H. 

For results reported as "nondetect" (i.e., results flagged with the following validation qualifiers: 
U and UJ), a value of one half of the sample-specific detection limit was used to calculate the 
95% UCL; the actual value could be between zero and a value just below the detection limit. 
95% UCLs were calculated only for the constituents detected in at least one sample collected 
from the environmental medium of interest. 

Estimated concentrations also were used to calculate the 95% UCL, such as "J" qualified 
(estimated) data. Reported concentrations qualified with an "R" (rejected) were not used in the 
statistical evaluation. 

As previously mentioned, duplicate sample data were averaged with corresponding 
environmental sample data and re-included into the data set for these risk evaluations. In 
instances where the original and duplicate sample result were either both detected or both non- 
detected, the values were averaged for the risk assessment. In instances when the original and 
duplicate sample result contained one detection and one non-detection, the detected value was 
averaged with one-half of the detection limit of the non-detected value and the averaged sample 
result was considered a detection. 

Statistical data summary tables (i.e., ProUCL output) for COPCs in each medium sampled (i.e. 
surface soil and groundwater) are found in the Statistical Summaries presented in Appendix G. 
These tables provide the arithmetic mean, the standard deviation, and the upper 95 percent 
confidence limit value based on type of distribution (as determined by ProUCL). 

6.3.5 Calculation of Chronic Daily Intakes 

In order to numerically estimate the risks for current and future human receptors at the SWMU, a 
CDI must be estimated for each COPC in every retained exposure pathway. These equations 
were obtained from USEPA guidance (USEPA, 1989). 

The following paragraphs present the general equations used in the calculation of CDIs for each 
potential exposure pathway. The exposure input parameters used in the calculation of CDIs are 
presented in Section 6.3.6. Input parameters were taken from USEPA's default exposure factors 
guidelines where available and applicable. All inputs not defined by USEPA were derived from 
USEPA documents concerning exposure or from best professional judgment. All exposure 
assessments incorporate the representative contaminant concentrations in the estimation of 
intakes. Therefore, only one exposure scenario was developed for each exposure routelreceptor 
combination. 

CDIs for carcinogenic effects incorporate terms to represent the exposure duration (years) over 
the course of a lifetime (70 years or 25,550 days) (USEPA, 1989). Noncarcinogenic CDIs, on the 
other hand, were estimated using the concept of an average annual exposure. The intake 
incorporates terms describing the exposure time andlor frequency representing the number of 
hours per day and the number of days per year that exposure occurs. In general, noncarcinogenic 
CDIs for many exposure routes (e.g., soil ingestion) are greater for children than adults because 
of the differences in body weights, similar exposure frequencies, and higher ingestion rates. 



6.3.5.1 Surface Soil 

Incidental Ingestion of Surface Soil 

The following equation was used in the calculation of a CDI (mg/kg/day) for a human receptor 
who incidentally ingests soil at the site: 

C s x I R x F I x C F x E F x E D  
CDI = 

BW x AT, or AT,, 
Where: 

Cs = 
IR = 
FI - - 

CF = 

EF = 
ED = 

BW = 

AT, = 
AT,, = 

chemical concentration in soil (mglkg) 
ingestion rate (mg/day) 
fraction of soil ingested from the source (unitless) 
conversion factor (1 0-O6 kglmg) 
exposure frequency (dayslyr) 
exposure duration (yrs) 
average body weight (kg) 
averaging time carcinogens (days) 
averaging time, noncarcinogens (days) 

Relevant equations and factors required for estimating the daily intake are presented in 
Appendix H. 

Dermal Contact with Surface Soil 

The absorbed dose associated with the potential dermal contact of COPCs in soil was calculated 
using the following equation (USEPA, 1989): 

C s x S A x A F x A B S x E F x E D x C F  
DAD = 

B W x A T  

Where: 

DAD 
Cs 
AF 
ABS 
CF 
SA 
EF 
ED 
BW 
AT 

Dermally Absorbed Dose, mglkg-day 
Chemical concentration in the soil, mglkg 
Adherence Factor, milligram per square centimeter day (mg/cm2 -d) 
Absorbed fraction, unitless 
Conversion Factor, lowo6 mg/kg 
Surface Area of exposed skin, cm2 
Exposure Frequency, dayslyear 
Exposure Duration, years 
average Body Weight, kg 
Averaging Time, days 

Relevant equations and factors required for estimating the absorbed dose are presented in 
Appendices F and H respectively. 



Inhalation of Fugitive Dust from Surface Soil 

The daily intake resulting from the inhalation of non-volatile COPCs adsorbed onto hgitive dust 
particulate was estimated using the following equation (USEPA, 1989): 

C a x R R x E T x E F x E D  
CDI = 

B W x A T  
Where: 

CDI 
Ca 

Chronic Daily Intake, mg/kg-day 
Chemical concentration in air as fugitive dust, milligrams per cubic 
meter (mg/m3) 
Respiration Rate, m3ihour 
Exposure Time, hourslday 
Exposure Frequency, dayslyear 
Exposure Duration, years 
average Body Weight, kg 
Averaging Time, days 

The air concentration (Ca) of a chemical in fugitive dust emissions was estimated from the 
following equation, as determined by Cowherd, e al. (1985). 

Where: 
Ca = Chemical concentration in air as fugitive dust, mg/m3 
Cs = Concentration of chemical in the soil, mglkg 
PEF = Particulate Emission Factor, m3/kg 

Relevant equations and factors required for estimating the inhaled dose are presented in Appendix 
H. 

6.3.5.2 Groundwater 

Ingestion of Groundwater 

The daily intake associated with the direct potential ingestion of the COPCs in groundwater under 
a drinking water scenario were calculated using the following equation (USEPA, 1989): 

C w x I R x E F x E D  
CDI = 

B W x A T  

Where: 

CDI 
Cw 
IR 
EF 
ED 
BW 
AT 

- - Chronic Daily Intake, mglkg-day 
- - Chemical concentration in water, mg/L 
- - Ingestion Rate, Llday 
- - Exposure Frequency, dayslyear 
- - Exposure Duration, years 
- - average Body Weight, kg 
- - Averaging Time, days 



Relevant equations and factors required for estimating the ingested dose are presented in 
Appendix F. 

Dermal Contact with Groundwater 

The absorbed dose associated with potential dermal contact with COPCs in groundwater was 
calculated using the following equation (USEPA, 1989 and 2004b): 

DADevent * EF * ED * CF * SA 
CDI = 

BW x AT 

Where: 
CDI 
DADevent 
EF 
ED 
CF 
SA 
BW 
AT 

Chronic Daily Intake, mglkg-day 
Absorbed dose per event (mg/cm2-event) (assume 1 eventlday) 
Exposure Frequency, dayslyear 
Exposure Duration, years 
Conversion Factor, 1 Lll 000 cm3 
Surface Area of exposed skin, cm2 
average Body Weight, kg 
Averaging Time, days 

The following equations are used to calculate DADeven, for organic compounds: 

If tevent I t*, then 

6revenr * tevent 
DADevent = 2 FA * Kp * C w  * J 

If t,,,,, > t*, then 

Where: 

- - Absorbed dose per event (mg/cm2-event) 
- - Fraction absorbed (dimensionless) 
- - Dermal permeability coefficient of compound in water (cm/hour) 
- - Chemical concentration in water (mg/cm3) 
- - Lag time per event (hour /event) 
- - Event duration (hour /event) (assume 1 eventlday) 
- - Time to reach steady-state (hour) = 2.4~,,,,, 
- - Dimensionless ratio of the permeability coefficient of a 
compound through the stratum comeum relative to its permeability 
coefficient across the viable epidermis (dimensionless). 

The following equation is used to calculate DADeven, for inorganic and highly ionized organic 
chemicals: 



DADevent = Kp * C w  * teverrt 
Where: 

DADevent - - Absorbed dose per event (mg/cm2-event) 

KP 
- - Dermal permeability coefficient of compound in water ( c d  
hour) 

c w  
- - Chemical concentration in water (mg/cm3) 
- tevent - Event duration (hourslevent) (assume 1 eventlday) 

Relevant equations and factors required for estimating the absorbed dose are presented in 
Appendix H. 

Inhalation of Volatiles in Groundwater 

Inhalation of volatiles in groundwater was calculated according to guidance put forth in the 
USEPA Region IV Bulletin (USEPA, 2000). Therefore, it was assumed that inhalation of 
volatiles in groundwater was equivalent to ingesting two liters of water per day. Ln order to 
express this quantitatively, the carcinogenic risks and noncarcinogenic health hazards for the 
ingestion of volatile organic COPCs only were summed and incorporated into the total site risk. 
This was applied to the adult resident receptors only, as young children typically do not shower. 

Relevant equations and factors required for estimating the inhaled dose were calculated and are 
presented in Appendix H. 

6.3.6 Exposure Input Parameters 

Tables 4.1.RME through 4.2a.CT of Appendix F present the exposure factors and intake 
equations used in the estimation of CDIs for each receptor identified below. USEPA 
promulgated exposure factors are used in conjunction with USEPA standard default exposure 
factors. When USEPA exposure factors are not available, best professional judgment and site- 
specific information are used to derive a conservative and defensible value. The following 
paragraphs present the rationale for the selection of exposure factors for each receptor group 
evaluated in the baseline HHRA. 

6.3.6.1 Current Military Personnel 

This scenario assumes that current adult Base military personnel working on-site could come into 
contact with surface soil at the SWMU. Therefore, this receptor was evaluated for potential 
exposure to surface soil via incidental ingestion, dermal contact, and inhalation of kgitive dust. 
A summary of the exposure parameters is discussed in the following paragraphs and presented on 
Tables 4.1 .RME and 4.la.RME of Appendix F. 

The ingestion rate for military personnel exposed to surface soil was assumed to be 100 mg/day 
(USEPA, 1993), and the fraction ingested was assumed to be 100 percent (professional 
judgment). An EF of 250 days per year (USEPA, 2004b) was used in conjunction with an 
exposure duration of 4 years (standard military tour of duty). A respiration rate of 0.55 m3/hr 
(representing an average of 11.3 m3/day for women and 15.2 m3/day for men) for an adult 
(USEPA, 1997) was also used. An ET of 8 hours (professional judgment) was used to represent 



an average workday. An AT of 70 years or 25,550 days was used for exposure to potentially 
carcinogenic compounds while an AT of 1,460 days was used for noncarcinogenic exposures. 
There is a potential for base personnel to absorb COPCs by dermal contact. A skin surface area 
of 3,300 cm2 for an adult (USEPA, 2004b) assumed to wear a short-sleeved shirt, long pants, and 
shoes, was used to evaluate dermal contact with soil. An AF of 0.2 mg/cm2 was used and is 
based on the 5oth percentile weighted AF for utility workers, which is the activity determined by 
USEPA to represent a reasonable, high-end contact activity (USEPA, 2004b). Dermal absorption 
fractions provided in USEPA RAGS Part E (USEPA, 2004b). 

6.3.6.2 Future Adolescent (7 - 16 vears) Trespassers 

This scenario assumes that future adolescent (7 - 16 years) trespassers could come into contact 
with surface soil at the SWMU. These receptors were evaluated for potential exposure to surface 
soil via incidental ingestion, dermal contact, and inhalation of fugitive dust. A summary of the 
exposure parameters is discussed in the following paragraphs and presented on Tables 4.1 .RME 
and 4.1 a.FWE of Appendix F. 

A 45 kg adolescent (USEPA, 1997) was assumed to have an exposure duration of 10 years 
(USEPA, 2000). The ET was estimated to be 4.04 hours per day for an adolescent (USEPA, 
1997). The ingestion rate was assumed to be 100 mg/day for the adolescent (USEPA, 1993), with 
a 100% fraction ingested from the source (professional judgment). The EF was assumed to be 52 
eventslyear, based on anticipated exposures of two dayslweek (i.e., a weekend) for 6 months 
(professional judgment). A respiration rate 0.576 m3/hr for adolescent (USEPA, 1997) was also 
used. The respiration rate used for the adolescent represents the average for an individual aged 9 
to 18 years old. ATs of 3,650 days for adolescents for noncarcinogens, and 25,550 days for 
carcinogens were also used (USEPA, 1989). 

The USEPA recommended weighted 0.2 mg/cm2 AF for the young child was conservatively used 
for the adolescent trespasser and is based on the 95th percentile weighted AF for children playing 
at a day care center or in wet soil (USEPA, 2004b). Dermal absorption values provided in 
USEPA RAGS Part E (USEPA, 2004b) were also used to estimate soil exposures. A skin surface 
area of 5,300 cm2 for the adolescent (representing 5oth percentile body-part AF [average of 
malelfemale] for the head, forearms, hands, lower legs and feet of a <7 to 4 8  year old) (USEPA 
2004b) was assumed for the surface soil scenario. 

6.3.6.3 Future Adult and Young Child Residents 

This scenario assumes that future adult and young child (1-6 years) residents could come into 
contact with surface soil and subsurface soil at the SWMU. However, as previously noted, 
exposure to subsurface soil was eliminated from quantitative evaluation because there were no 
COPCs selected for subsurface soil. It is also conservatively assumed that the groundwater will 
be potable. Therefore, these receptors could come into contact with contaminants detected in the 
groundwater under a drinking water scenario in the future, in addition to coming into contact with 
future surface soil. These receptors were then evaluated for potential exposure to surface soil via 
incidental ingestion, dermal contact, and inhalation of fugitive dust and groundwater via 
ingestion, dermal contact, and inhalation of VOCs while showering. A summary of the exposure 
parameters is discussed in the following paragraphs and presented on Tables 4.1.RME, 
4.1 a.RME, 4.1 .CT, 4.1 a.CT, 4.2.RME, 4.2a.RME, 4.2.CT, and 4.2a.CT of Appendix F. Unless 
otherwise noted, the CT exposure parameters are the same as for RME. 



Future adult and young child residents could contact surface soil during outdoor recreational 
activities such as playing, walking, or running, in the area immediately surrounding their homes 
or while performing gardening activities. A 70 kg adult and a 15 kg child were assumed for 
exposure durations of 24 years and 6 years, respectively (USEPA, 1993). Exposure durations of 
7 years for the adult and 2 years for the child were used for CT exposure (USEPA, 1993). 
Exposure times were estimated to be 1.5 hours per day for adults and 5.57 hours per day for the 
child (USEPA, 1997). The ingestion rate was assumed to be 200 mg/day for the young child and 
100 mgfday for the adult (USEPA, 1993), with a 100% fraction ingested from source 
(professional judgment), over 350 dayslyear (USEPA, 2004b). Ingestion rates of 100 mg/day for 
the young child and 50 mglday for the adult over 234 days per year were used for CT exposure 
(USEPA, 1993). Respiration rates of 0.308 m3/hr for the child and 0.55 m3/hr for the adult 
(USEPA, 1997) were also used. The respiration rate used for the young child represents the 
average for an individual aged 0 to 8 years old. Averaging times of 8,760 days for adults and 
2,190 days for children for noncarcinogens, and 25,550 days for carcinogens were also used 
(USEPA, 1989). 

The USEPA recommended weighted AF of 0.07 mg/cm2 was used for the residential adult 
(USEPA, 2004b). This is based on the 5 0 ~  percentile weighted AF for gardeners, which is the 
activity determined to represent a reasonable, high-end contact activity. The USEPA 
recommended weighted 0.2 mg/cm2 AF for the young child was used and is based on the 95' 
percentile weighted AF for children playing at a day care center or in wet soil (USEPA, 2004b). 
USEPA recommended AF values of 0.01 mg/cm2 for the adult and 0.04 mg/cm2 for the child 
were used for the CT exposure scenario (USEPA, 2004b). Dermal absorption values provided in 
USEPA RAGS Part E (USEPA, 2004b) were also used to estimate soil exposures. Skin surface 
areas of 2,800 cm2 for the young child and 5,700 cm2 for the adult (USEPA, 2004b) were 
assumed for the surface soil scenario. These are the SA values currently recommended by the 
USEPA for exposure to contaminated soil and are the averages of the 50' percentiles for males 
and females greater than 18 years of age (adults) and from <1 to <6 years old (young children). 
As recommended in RAGS Part E, the SA values used for the RME scenario were also assumed 
for the CT exposure scenario. 

Potential exposures to groundwater COPCs may occur under a drinking water scenario. Exposure 
to total concentrations of groundwater inorganic COPCs were evaluated as per USEPA Region 
IV guidance. Exposure pathways evaluated for future residents include ingestion, dermal contact, 
and inhalation of VOCs while showering. Groundwater ingestion rates of 2 Llday and 1 Llday, 
respectively, were assumed for the adult and young child residents (USEPA, 1993). Exposure 
frequency of 350 days per year was also assumed for groundwater. Groundwater ingestion rates 
of 1.4 Llday and 1 Llday (adult and child, respectively) over 234 days per year were used for CT 
exposure (USEPA, 1993). Total body surface areas of 6,600 cm2 and 18,000 cm2 (50th percentile 
values for male and female young children or adults) (USEPA, 2004b) were assumed for the 
groundwater scenario for the young child and adult, respectively. For the RME scenario, 
exposure times of 0.58 hourlday and 1 hourlday were assumed for the adult and young child 
residents (USEPA, 2004b). For CT exposure, 0.25 hourlday and 0.33 hourlday were assumed for 
the adult and young child (USEPA, 2004b). All other exposure parameters were the same as the 
soil exposure parameters. 

6.3.6.4 Future Adult Construction Workers 

Potential exposures to soil COPCs may occur to construction workers while performing soil 
excavation and construction activities at the SWMU. Exposure pathways evaluated included 
incidental ingestion, dermal contact, and inhalation of fugitive dust of surface soil, and dermal 



contact with shallow groundwater. As previously noted, exposure to subsurface soil was 
eliminated from quantitative evaluation because there were no COPCs selected for subsurface 
soil. A summary of the exposure parameters is discussed in the following paragraphs and 
presented on Tables 4.1.RME, 4.la.RME, and 4.2.RME of Appendix F. Exposure was assumed 
to occur for 8 hours per day for soil (USEPA, 1991b) and 2.6 hours per day for groundwater 
(professional judgment), 250 days per year (USEPA, 2004b), for a construction period of 1 year 
(professional judgment). A USEPA default value for the soil ingestion rate of 480 mg/day 
(USEPA, 1993), a 100% fraction ingested from source (professional judgment) and a respiration 
rate of 3.3 m3/hour (USEPA, 1997) were also assumed for a 70 kg construction worker (USEPA, 
1997). A skin surface area of 3,300 cm2 for an adult (USEPA, 2004b) assumed to wear a short- 
sleeved shirt, long pants, and shoes, was used to evaluate dermal contact with soil and 
groundwater. The soil to skin adherence factor of 0.2 mg/cm2 (USEPA, 2004b) was used. 
Dermal absorption values provided in USEPA RAGS Part E (USEPA, 2004b) were also used to 
estimate soil exposures. The averaging time of 365 for noncarcinogens and 25,550 days for 
carcinogens, respectively, were also used (USEPA, 1989). 

USEPA believes construction workers are likely to experience substantial exposures to soils 
during excavation and other work activities. The equation to calculate particulate emission factor 
(PEF) for a construction scenario has been revised to focus exclusively on emissions from truck 
traffic on unpaved roads, which typically contribute the majority of dust emissions during 
construction. A site-specific PEF has been derived for the construction worker scenario for this 
risk assessment. The "study area" surrounding the SWMU is approximately 1.42 acres in size. 
The methodologies used to calculate the new PEF are taken from USEPA's Supplemental 
Guidance for Developing Soil Screening Levels for Superfund Sites (Peer Review Draft) 
(USEPA, 2001~). The following equation was used to calculate the construction scenario PEF: 

Where: 

VKT 

subchronic road particulate emission factor (m3/kg) 
Inverse of 1-h average air concentration along a straight road segment 
bisecting a 1.42 acre square site (g/m2-s per kg/m3) 
dispersion correction factor (unitless) (0.185) 
total time over whlch construction occurs (s) (8 hourslday for 250 days 
or 7.2 x lo6 seconds) 
surface area of contaminated road segment (m2) (1,155 m2) 
mean vehicle weight (8 tons) 
number of days with at least 0.01 inches of precipitation (dayslyear) (1 20 
days for the area of Jacksonville, NC) 
sum of fleet vehicle kilometers traveled during the exposure duration 
(krn) (570 km assuming a site area of 1.42 acres) 

The following assumptions were incorporated into the above-referenced parameters used to 
calculate the site-specific construction worker scenario. The SWMU covers a small area and is in 
an industrialized area of the Base. Therefore, it was assumed that daily unpaved road traffic 
would consist of at most 20 cars (2 tons per car) and 10 trucks (20 tons per truck). AR is based on 
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a road length of 100 m and assumes a road width of 15.24 m. VKT is based on 30 vehicles 
traveling a road length of 76 m (or 0.076 krn) for five days per week for 50 weeks (considering an 
EF of 250 days per year). Thus, a construction worker scenario PEF of 2.77 x lo6 m3/kg was 
calculated. This calculation is also presented in Appendix H. 

6.4 Toxicitv Assessment 

This section reviews the available toxicological information for COPCs retained for quantitative 
evaluation. 

An important component of the HHRA process is the relationship between the dose of a 
compound (amount to which an individual or population is potentially exposed) and the potential 
for adverse health effects resulting from exposure to that dose. Dose-response relationships 
provide a means by which potential public health impacts may be evaluated. Standard RfDs 
and/or CSFs have been developed for many of the COPCs. This section provides a brief 
description of these parameters. 

6.4.1 Reference Doses 

The RfDs are developed for chronic and/or subchronic human exposure to chemicals, and are 
based solely on the noncarcinogenic effects of chemical substances. These values are defined as 
an estimate of a daily exposure level for the human population, including sensitive 
subpopulations, that is likely to be without an appreciable risk of adverse effects during a 
lifetime. The RfD is expressed as dose (mg) per unit body weight (kg) per unit time (day). 

6.4.2 Carcinogenic Slope Factors 

CSFs are used to estimate an upper bound lifetime probability of an individual developing cancer 
as a result of exposure to a particular level of a potential carcinogen (USEPA, 1989). This factor 
is reported in units of proportion (of a population) affected per mg/kg/day and is derived through 
an assumed low-dosage, linear multistage model and an extrapolation from high to low dose- 
responses determined from animal studies. The slope factor represents the upper 95th percent 
confidence limit on the increased cancer risk from a lifetime exposure to an agent. CSFs can also 
be derived from USEPA promulgated unit risk values for air and/or water. CSFs derived from 
unit risks cannot, however, be applied to environmental media other than the medibm considered 
in the unit risk estimate. 

Slope factors are also accompanied by weight-of-evidence classifications, which designate the 
strength of the evidence that the COPC is a potential human carcinogen. Quantitative indices of 
toxicity and USEPA weight-of-evidence classifications are presented in Tables 6.1 and 6.2 of 
Appendix F for the identified COPCs. The hierarchy (USEPA, 2003) for choosing these toxicity 
values was: 

Tier 1 - Integrated Risk Information System (IRIS, 2005) 

Tier 2 - USEPA's Provisional Peer Reviewed Toxicity Values (PPRTVs) (database of 
values developed on a chemical-specific basis when requested by USEPA's Superfund 
program) 



Tier 3 - Other Toxicity Values (includes additional USEPA and non-USEPA sources of 
toxicity information) 

IRIS is the generally preferred source of human health toxicity values. IRIS generally contains 
RfDs, RfCs, CSFs, drinking water unit risk values, and inhalation unit risk values that have gone 
through a peer review and USEPA consensus review process. IRIS normally represents the 
official Agency scientific position regarding the toxicity of the chemicals based on the data 
available at the time of the review. 

The second tier is USEPA's PPRTVs. Generally, PPRTVs are derived for one of two reasons. 
First, the Superfund Health Risk Technical Support Center (STSC) reviews the toxicity values in 
the Health Effects Assessment Summary Table (HEAST), which is now a Tier 3 source. As the 
reviews are completed, those toxicity values will be removed from HEAST, and any new toxicity 
value developed in such a review becomes a PPRTV and placed in the PPRTV database. Second, 
Regional Superfund Offices may request a PPRTV for contaminants lacking a relevant IRIS 
value. The STSC uses the same methodologies for both situations. 

The third tier includes other sources of information. These sources should provide toxicity 
information based on similar methods and procedures as those used for Tiers 1 and 2, contain 
values which are peer reviewed, are available to the public, and are transparent about the methods 
and processes used to develop the values. Tier 3 sources include, but are not limited to, the 
following: 

The California Environmental Protection Agency (Cal EPA) toxicity values 
The Agency for Toxic Substances and Disease Registry (ATSDR) Minimal Risk Levels 
HEAST toxicity values. 

6.4.3 Dermal Absorption Efficiency 

Many of the RfDs and CSFs are derived from oral toxicological studies based on administered 
dose, and do not account for the amount of a substance that can penetrate exchange boundaries 
after contact (e.g., absorbed dose). As a result, there is very little information available regarding 
dermal toxicity criteria. Therefore, in order to account for a difference in toxicity between an 
administered dose and an absorbed dose, the RfDs and CSFs (that were based on an administered 
dose) were adjusted, as described by RAGS Part E (USEPA, 2004b). The adjustment for the oral 
RfD that would correspond to a dermally absorbed dose is represented by multiplying the RfD by 
an oral-to-dermal extrapolation value. The adjustment for the oral CSF that would correspond to 
the dermally-absorbed dose is represented by dividing the CSF by an oral-to-dermal extrapolation 
value. Recommended oral absorption efficiencies for those compounds/analytes with chemical- 
specific dermal absorption factors from soil were obtained from RAGS Part E (USEPA, 2004b). 
The oral-to-dermal extrapolation values were obtained from sources such as the National Center 
for Environmental Assessment (NCEA) (NCEA, 2000), IRIS, Agency for Toxic Substance and 
Disease Registry (ATSDR) toxicological profiles, toxicology publications, toxicology references, 
and USEPA Regional Offices. Only oral-to-dermal extrapolation values that had reference 
documents available were used in this risk assessment. The oral-to-dermal extrapolation values 
used in this baseline HHRA for the SWMU are presented in Tables 5.1 and 6.1 of Appendix F. 

6.5 Risk Characterization 

The risk characterization combines the selected COPCs, the exposure assessment, and the toxicity 
assessment to produce a quantitative estimate of current and future potential human health risks 



associated with the SWMU. Sections 6.5.1 and 6.5.2 discuss the USEPA methodologies used for 
quantifying and characterizing carcinogenic and noncarcinogenic human health risks. ILCRs and 
Hazard Indices (HIS) are calculated to characterize potential human health effects. These terms 
are defined in the sections that follow. 1LCRs and HIS are estimated for current and future 
receptors exposure scenarios that were identified for the SWMU in Section 6.3, and are discussed 
in Section 6.5.3. 

6.5.1 Quantification and Characterization of Carcinogenic Risks 

Quantitative risk calculations for potentially carcinogenic compounds estimate inferentially 
(versus probablistically) the potential ILCR for an individual in a specified population. This unit 
of risk refers to a'potential cancer risk that is above the background cancer risk in unexposed 
individuals. For example, an ILCR of 1 x 10'06 indicates that an exposed individual has an 
increased probability of one in one million of developing cancer subsequent to exposure, over the 
course of their lifetime. 

The potential lifetime ILCR for an individual was estimated from the following relationship: 

n 

ILCR = C(CDIiorDADi ) x CSF, 
i=l 

where the CSFi is expressed as (mg/kg/day)-' for compound i, and the chronic daily intake (CDIi) 
and dermally absorbed dose (DADi) is expressed as mg/kg/day for compound i. Since the units 
of CSF are (mg chemicaYkg body weight-day)-' and the units of intake or dose are mg 
chemicaVkg body weight-day, the ILCR value is dimensionless. The aforementioned equation 
was derived assuming that cancer is a nonthreshold process and that the potential excess risk level 
is proportional to the cumulative intake over a lifetime. 

For quantitative estimation of risk, it is assumed that cancer risks from various exposure routes 
are additive. Estimated ILCR values will be compared to 1 x 10-06 to 1 x 10-04, which represents 
the target risk range of ILCR values considered by the USEPA to represent an acceptable (i.e., de 
minimis) risk (USEPA, 1990). 

6.5.2 Quantification and Characterization of Noncarcinogenic Risks 

Noncarcinogenic compounds assume that a threshold toxicological effect exists. Therefore, the 
potential for noncarcinogenic effects are calculated by comparing (i.e., dividing) CDIi and DADi 
levels with RfDs for each COPC. 

Noncarcinogenic effects are estimated by calculating the Hazard Quotient (HQ) for individual 
chemicals and the HI for overall chemicals and pathways by the following equation: 

where : HQi = 
(CDI,orDAD, ) 

RfD; 



An HQ is the ratio of the daily intake or absorbed dose to the reference dose. CDIi is the chronic 
daily intake (mglkglday) of contaminant i; DADi is the dermally absorbed dose (mg/kg/day) of 
contaminant i, and RfDi is the reference dose (mg/kg/day) of the contaminant i over a prolonged 
period of exposure. Since the units of RfD are mglkg-day and the units of CDUDAD are mglkg- 
day, the HQ and HI are dimensionless. To account for the additivity of noncarcinogenic risk 
following exposure to numerous chemicals, the HI, which is the sum of all the HQs, will be 
calculated. A ratio of 1.0 is used for comparison to the HQ and HI (USEPA, 1990). Ratios less 
than 1.0 indicate that adverse noncarcinogenic health effects are unlikely. Ratios greater than 1.0 
indicate that adverse noncarcinogenic health effects may occur at that exposure level. However, 
this does not mean that adverse effects will definitely occur, since the RfD incorporates safety 
and modifying factors to ensure that it is well below that dose for which adverse effects have 
been observed. This procedure assumes that the risks from exposure to multiple chemicals are 
additive, an assumption that is probably valid for compounds that have the same target organ or 
cause the same toxic effect. 

6.5.3 Potential Human Health Effects 

Both pathway-specific risks and total site risks have been estimated for current military Base 
personnel, future adolescent trespassers, future residents, and future construction workers at the 
SWMU. All scenarios evaluated in this baseline HHRA were previously discussed in detail in 
Section. 6.3. All calculation spreadsheets used for estimating potential carcinogenic and 
noncarcinogenic risks for receptors at the SWMU are presented in Appendix H. Please note that 
the RAGS Part D tables are presented in Appendix F. 

The total site carcinogenic and noncarcinogenic risks estimated for all current and future 
receptors evaluated in this baseline HHRA are presented in Tables 9.1 through 9.5 of Appendix F. 

6.5.3.1 Current Military Base Personnel 

Table 9.1RME of Appendix F presents all potential pathway-specific and total site risks estimated 
for current military Base personnel evaluated for ingestion and dermal exposures to site COPCs 
in surface soil and inhalation of fugitive dusts from surface soil. 

There were no carcinogenic risks or adverse noncarcinogenic health hazards calculated that 
exceeded USEPA's acceptable criteria for the current military Base personnel. 

6.5.3.2 Future Adolescent Trespassers 

Table 9.2RME of Appendix F present all potential pathway-specific and total site risks estimated 
for current adult and adolescent trespassers evaluated for ingestion and dermal exposures to site 
COPCs in surface soil and inhalation of kgitive dusts from surface soil. 

There were no carcinogenic risks or adverse noncarcinogenic health hazards calculated that 
exceeded USEPA's acceptable criteria for the current adult and adolescent trespassers. 

6.5.3.3 Future Adult and Child Residents 

Tables 9.3RME through 9.4CT of Appendix F present all potential pathway-specific and total site 
risks estimated for future adult and child residents evaluated for ingestion and dermal exposures 
to site COPCs in surface soil, groundwater, and inhalation of hgitive dusts from surface soil and 
VOCs in groundwater. As shown in Tables 9.3RME and 9.4RME, there were no adverse 



noncarcinogenic health hazards calculated that exceeded USEPA7s acceptable criteria for the 
future adult and child residents. As shown in Tables 9.3RME and 9.4RME7 the total 
ILCRs (2.2 x 10-04 and 1.3 x 10- 04) exceed the USEPA acceptable range of 1 x 10-06 to 1 x 
for the future adult and child residents. This is caused by ingestion of and dermal contact with 
PCE in tlie shallow groundwater, which contributes approximately 98 percent to the total ILCRs 
for the adult and young child. As shown in Tables 9.3CT and 9.4CT, the total ILCRs for the 
adult and child were within USEPA7s acceptable range (2.98 x for the adult and 2.37 x 10-O5 
for the child) under the CT exposure scenario. 

It should be noted that the maximum detected concentration of PCE in the groundwater data set 
came from sample SWMU336-GW01, which was collected from a temporary well during the 
Phase I1 investigation. It should be noted that PCE was not detected in any 'of the groundwater 
samples collected during the RFI. Furthermore, the maximum detected concentrations were used 
in the risk calculations because there was no definitive plume found at this SWMU. The use of 
maximum concentrations from SWMU336-GW01 likely overestimates the actual risks to these 
receptors from the SWMU. It is also unlikely that the shallow groundwater at the SWMU would 
be used as potable water source. 

Therefore, based on the quantitative results of the baseline HHRA, unacceptable risk was 
calculated for future residents upon exposure to groundwater investigated at the SWMU. 
However, consideration should be given to the conservatism added to the groundwater exposure 
evaluation. 

6.5.3.4 Future Construction Workers 

Table 9.5RME of Appendix F presents all potential pathway-specific and total site risks estimated 
for future construction workers evaluated for ingestion and dermal exposures to site COPCs in 
surface soil, inhalation of fugitive dusts from surface soil, and dermal contact with groundwater. 

There were no carcinogenic risks or adverse noncarcinogenic health hazards calculated that 
exceeded USEPA's acceptable criteria for the future construction worker. 

6.6 Sources of Uncertainty 

Uncertainties are encountered throughout the risk assessment process. This section discusses the 
sources of uncertainty inherent in the following elements of the human health evaluation 
performed for SWMU 3 36: 

Sampling and analysis 
Selection of COPCs 
Exposure assessment 
Toxicological assessment 
Human risk characterization 

Uncertainties associated with this risk assessment are discussed in the following paragraphs. 
Table 6-1 summarizes the potential effects of certain uncertainties on the estimation of human 
health risks. 



6.6.1 Sampling and Analysis 

The development of a risk assessment depends on the reliability of, and uncertainties associated 
with, the analytical data available to the risk assessor. These, in turn, are dependent on the 
operating procedures and techniques applied to the collection of environmental samples in the 
field and their subsequent analyses in the laboratory. To minimize the uncertainties associated 
with sampling and analysis at the SWMU, USEPA-approved sampling and analytical methods 
were employed. Data was generated following USEPA-approved analytical methods. Samples 
were analyzed for Target Compound List (TCL) VOCs and SVOCs andlor RCRA metals. 
Samples were taken from locations specified in the approved Work Plan along with the necessary 
QAfQC samples. 

Analytical data are limited by the precision and accuracy of the methods of analysis, which are 
reflected by the Relative Percent Difference (RPD) of duplicate analyses and the percent recovery 
of spikes, respectively. In addition, the statistical methods used to compile and analyze the data 
(mean concentrations, detection frequencies) are subject to the overall uncertainty in data 
measurement. Furthermore, chemical concentrations in environmental media fluctuate over time 
and with respect to sampling location. Analytical data must be sufficient to consider the temporal 
and spatial characteristics of contamination at the site with respect to exposure. 

Uncertainty exists also in the fact that contamination may or may not be fully delineated. And so, 
having a complete data set impacts the representativeness of exposure concentrations derived 
from the data. 

6.6.2 Selection of COPCs 

Soil and groundwater water COPCs were selected based on comparisons of the maximum 
detected concentration with USEPA Region IX PRGs for residential soil (soil) and tap water 
(groundwater). 

PRGs were derived using conservative, USEPA-promulgated default values, and the most recent 
toxicological criteria available. All non-carcinogenic PRGs were divided by 10 to account for 
potential additive effects. This adjustment corresponds to assuming an HQ of 0.1, rather than 1 .O. 
This adds additional conservatism to the COPC selection process. 

R£Ds and CSFs have been combined with "standard" exposure scenarios to calculate the PRGs. 
Actual exposure scenarios and parameters may differ from those used to calculate the PRG. 

Guidance contained within RAGS Volume I, Part A discusses the evaluation of quantitation 
limits in relationship to whether or not chemicals should be eliminated from a baseline HHRA 
because they were not detected. In other words, just because a chemical was not detected does 
not mean it should be deleted from consideration. In the baseline HHRA performed for SWMU 
336, only those chemicals that were positively detected were retained for quantitative evaluation 
in the risk assessment. There is some uncertainty associated with chemicals that may not have 
been detected, but the sample quantitation limits were greater than corresponding standards 
and/or criteria. This situation could result in undetected risk. In the case of SWMU 336, several 
SVOCs and arsenic had detection limits that exceeded the residential soil PRGs. Also, several 
VOCs, SVOCs, and arsenic had detection limits that exceeded the tap water PRGs. However, 
there is no historical evidence to indicate that these chemicals are present at SWMU 336. 



Given the other conservative aspects of this baseline HHRA, it is anticipated that the contribution 
associated with sample quantitation limits greater than corresponding criteria to the uncertainty of 
this risk assessment is low. Furthermore, for chemicals detected just once in a given medium, 
one half of all detection limits of that chemical (considered as non-detects) are used as proxy 
calculations in calculating the concentration term. Only those chemicals in a medium that are not 
positively detected in each sample collected and analyzed are eliminated from further 
consideration. 

Currently, no Base closures are planned for MCB Camp Lejeune; therefore future residential 
development is unlikely. The application of the residential PRG values to soil and groundwater 
COPC selections would, therefore, tend to result in a list of COPCs that could be considered 
conservative for a military base. ConserVative COPC selections in the baseline HHRA protects 
public health because the results of the baseline HHRA determine remedial alternatives and 
remedial action objectives. 

6.6.3 Exposure Assessment 

In performing exposure assessments, uncertainties arise from two main sources. First, 
uncertainties arise in estimating the fate of a compound in the environment, including estimating 
release and transport in a particular environmental medium. Second, uncertainties arise in the , 

estimation of chemical intakes resulting from contact by a receptor with a particular medium. 

To estimate an intake, certain assumptions must be made about exposure events, exposure 
durations, and the corresponding assimilation of constituents by the receptor. Exposure factors 
have been generated by the scientific community and have been reviewed by the USEPA. The 
USEPA has published an Exposure Factors Handbook (USEPA, 1997), which contains the best 
and latest values. These exposure factors have been derived from a range of values generated by 
studies of limited numbers of individuals. It is assumed that all potential receptors remain on or 
near the site throughout the exposure periods and that their exposures to chemicals from the site 
are all uniform. In all instances, values used in this risk assessment, scientific judgments, and 
conservative assumptions agree with those of the USEPA. 

The use of a RME approach, designed to avoid underestimating daily intakes, was employed 
throughout this risk assessment. The use of 95% UCL estimates of the arithmetic mean versus 
mean values as the concentration terms in estimating the CDI or DAD for the soil exposure 
scenarios and the maximum values as the concentration terms for groundwater exposure scenarios 
reduces the potential for underestimating exposure at the SWMU. 

At sites where soils or groundwater contain VOCs or SVOCs, there is the potential for chemical 
vapors to migrate from the subsurface to overlying buildings. Vapor intrusion into buildings was 
not evaluated in this HHRA. Currently there are no structures with enclosed air space that are 
designed for human occupancy, and it is likely that the future use of the area where the SWMU is 
located will remain the same. The volatile COPCs detected in the soil and groundwater at 
SWMU 336 were evaluated under very conservative exposure scenarios and determined not to 
pose unacceptable risk. Given the conservativeness of the other exposure pathway evaluations in 
this HHRA, it is estimated that the underestimation of risk associated with not evaluating vapor 
intrusion into buildings is low. 

Inhalation of volatiles in groundwater during trenching activities was also not evaluated in this 
HHRA. Volatiles were detected in groundwater at low concentrations. Considering the 
likelihood of dissipation in outdoor air during construction activities and the conservative 



evaluation of the dermal contact with groundwater exposure pathway for the construction worker, 
it is estimated that the underestimation of risk associated with not evaluating the inhalation of 
volatiles in groundwater for this receptor is low. 

6.6.4 Toxicological Assessment 

In making quantitative estimates of the toxicity of varying dosages of compounds to human 
receptors, uncertainties arise from two sources. First, data on human exposure and the 
subsequent effects are usually insufficient, if they are at all available. Human exposure data 
usually lack adequate concentration estimations and suffer from inherent temporal variability. 
Therefore, animal studies are often used and new uncertainties arise from the process of 
extrapolating animal results to humans. Second, to obtain observable effects with a manageable 
number of experimental subjects, high doses of a compound are often used. In this situation, a 
high dose means that high exposures are used in the experiment with .respect to most 
environmental exposures. Therefore, when applying the results of the animal experiment to 
human exposures, the effects at the high doses must be extrapolated to approximate effects at 
lower doses. 
In extrapolating effects from high doses in animals to low doses in humans, scientific judgment 
and conservative assumptions are employed. In selecting animal studies for use in dose-response 
calculations, the following factors are considered: 

Studies are preferred where the animal closely mimics human pharmacokinetics. 

Studies are preferred where dose intake most closely mimics the intake route and 
duration for humans. 

Studies are preferred whch demonstrate the most sensitive response to the compound in 
question. 

For compounds believed to cause threshold effects (i.e., noncarcinogens), safety factors are 
employed in the extrapolation of effects from animals to humans and from high doses to low 
doses. In deriving carcinogenic potency factors, the 95% UCL value is promulgated by the 
USEPA to prevent underestimation of potential risk. 

All potential toxic endpoints for human receptors have been addressed to the extent allowed by 
the data evaluated fiom the most recent toxicologicaVepiderniological studies used to derive the 
cancer slope factors and reference doses. Therefore, any uncertainties associated with toxic 
endpoints are directly correlated to the information obtained from, and reliability of those studies. 
Further conservatism in the baseline HHRA is also introduced through the use of 
experimentally-derived oral absorption efficiencies to account for a difference in the degree of 
toxicity between an administered dose and an absorbed dose. Equating the absorption efficiency 
of the dermal bi-phasic barrier to the absorption efficiency of the gastrointestinal lining is a very 
conservative approach that tends to overestimate the potential risk to human health. 

6.6.5 Human Risk Characterization 

The risk characterization bridges the gap between potential exposure and the possibility of 
systemic or carcinogenic human health effects, ultimately providing impetus for the remediation 
of the site or providing a basis for no remedial action. 



Uncertainties associated with risk characterization include the assumption of chemical additivity 
and the inability to predict synergistic or antagonistic interactions between COPCs. These 
uncertainties are inherent in any inferential risk assessment. USEPA promulgated inputs to the 
quantitative risk assessment and toxicological indices are calculated to be protective of the human 
receptor and to err conservatively, so as to not underestimate the potential human health risks. 

6.7 Summarv of the Baseline HHRA 

Current land use scenarios that were evaluated in this baseline HHRA for SWMU 336 include the 
military Base personnel. Future land use scenarios that were evaluated include the adolescent 
trespasser, adult and child residents, and construction worker. 

There were no unacceptable carcinogenic risks or adverse noncarcinogenic hazard levels 
calculated that exceeded USEPA's acceptable criteria for the current military Base personnel, 
future adolescent trespasser, or future construction worker. 

There were no adverse noncarcinogenic health hazards calculated that exceeded USEPA's 
acceptable criteria for the hture adult and child residents. The total ILCRs exceeded the USEPA 
acceptable range of 1 x 10-O6 to 1 x lowo4 for the hture adult and child residents when considering 
the RME, or reasonable maximum exposure, scenario. This is caused by ingestion of and dermal 
contact with PCE in the shallow groundwater. However, it should be noted that the total ILCRs 
for the adult and child were within USEPA's acceptable range under the CT, or average, exposure 
scenario. 

It should also be noted that the maximum detected concentration of PCE in the groundwater data 
set came from sample SWMU336-GW01, which was collected from a temporary well during the 
Phase I1 investigation. It should be noted that PCE was not detected in any of the groundwater 
samples collected during the RFI. Furthermore, the maximum detected concentrations were used 
in the risk calculations because there was no definitive plume found at this SWMU. The use of 
maximum concentrations from SWMU336-GW01 likely overestimates the actual risks to these 
receptors from the SWMU. It is also unlikely that the shallow groundwater at the SWMU would 
be used as potable water source. 

Therefore, based on the quantitative results of the baseline HHRA, unacceptable risk was 
calculated for future residents upon exposure to groundwater investigated at the SWMU. 
However, consideration should be given to the conservatism added to the groundwater exposure 
evaluation. 
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TABLE 6-1 

SUMMARY OF UNCERTAINTIES IN THE RESULTS O F  THE 

HUMAN HEALTH RISK ASSESSMENT 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Low - Assumptions categorized as "low" may effect risk estimates by less than one order of magnitude. 
Moderate - Assumptions categorized as "maderate" may effect estimates of risk by between one and two orders of magnitude. 

High - Assumptions categorized as "high" may effect estimates of risk by more than two orders of magnitude. 

Source: Risk Assessment Guidance for S u v e r f U n d . e  1. Part A: m n  Health Evaluation Manual. USEPA, 1989. 

Receptor Summ.xls, Uncert Page I of I 

Potential 
Magnitude for 

Over or Under- 
Estimation of Risks 

- -  - Moderate - -- - - 

Low 

Moderate 
...................... - 

. .  ... .. Low - - - - - -. - 

Low 

Moderate . . . . . . .  - - --- .... - -- 

..... ...... ... . Moderate - .-. - -. -. - 

Low 

Potential 
Magnitude for 

Under-Estimation 
of Risks 

.. ....... -- - .- .- -, 

Low 

. -. 

. ...... . - - - - - 

. - 

... . - .- -. - - -- 

Environmental Samoline and Analvsis 

Sufficient samples may not have been taken to characterize the media being evaluated. . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - -- - . - ... -- - ... - - 

Systematic or random errors in the chemical analysis may yield erroneous data. 

Selection of COPCs 

The use of site-specific background and USEPA Region IV COPC screening concentrations in selecting COPCs in all media of concern. 

Ex~osurc Assessment 
The standard assumptions regarding body weight, exposure period, life expectancy, population characteristics, and lifestyle may not be 
re~resentatL!!~.?f the actual exposurc_sltua!io"s. -..... - ..... - . - - pp 

The use of the 95th percentile upper confidence level data for the normal or lognormal distribution in the estimation of the RME. 
. - . . . .  - .. - .... - . - .. - . . . . . . . .  - - - -- 

The amount of media intake is assumed to be constant and representative of any actual exposure. 

Toxicolocical Assessment 

Toxicological indices derived from high dose animal studies, extrapolated to low dose human exposure. 

Risk Characterization 

Assumption . . . . . . .  of additivi~ifiequ~~~i~!~on ILf,~~mc~sks without consideration of synergism, antagonism, promotion andinitiation. - - -. . - . . - -. - 
Assumption of additivity in the estimation of systemic health effects without consideration of synergism, antagonism, etc. 

. . . . . . . . . - . . - .  . .. .. ..... .... ........ .- - -- - - - - -- - . - . - - - - -- - --- - - - . . - -. .- 

Additivity of risks by individual exposure pathways (dermal and ingestion and inhalation). 

Potential 
Magnitude for 

Over-Estimation 
of Risks 

-- 

Moderate 

- 

-- 



TABLE 7-1 
ECOLOGICAL SCREENING VALUES 
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7.0 ECOLOGICAL RISK ASSESSMENT 

The overall purpose of an ecological risk assessment (ERA) is to evaluate the likelihood that 
adverse ecological effects would occur or are occurring as a result of exposure to one or more 
physical or chemical stressors. The assessment evaluates the potential effects of chemicals on 
terrestrial and aquatic receptors (e.g., flora and fauna) and their habitats, including the 
consideration of protected species and sensitive or critical habitats, and identifies particular 
chemical stressors that may cause adverse effects (ecological Chemicals of Potential Concern 
[COPCS]). 

Because no risk assessment guidance has been developed specifically for the Resource 
Conservation and Recovery Act (RCRA) program, guidance designed for Comprehensive 
Environmental Response, Compensation and Liability Act (CERCLA) sites was followed 
(USEPA, 1996). The following guidance documents were consulted during the risk assessment 
process: 

Ecological Risk Assessment Guidance for Superfimd: Process for Designing and 
Conducting Ecological Risk Assessments. USEPA 1997a. 

Supplemental Guidance to RAGS: Region IV Bulletins. Ecological Risk Assessment. 
USEPA 200 1. Originally published November 1995. Website version last updated 
November 30,200 1 <http://www .epa.gov/region4/waste/ots/ecolbul.htm~ 

Amended Guidance on Ecological Risk Assessment at Military Bases: Process 
Considerations, Tirnin~ of Activities, and Inclusion of Stakeholders. USEPA Region W ,  
Memorandum 4WD-OTS, 2000 (USEPA 2000b). 

Navv Policy for Conducting Ecological Risk Assessments. Chief of Naval Operations 
(CNO) 1999. 

Guidelines for Performing Screening Level Ecological Risk Assessments Within the 
North Carolina Division of Waste Management, North Carolina Department of 
Environment and Natural Resources (NCDENR) Division of Waste Management. 
October 2003 (NCDENR 2003b). 

This section of the RFI presents a screening level ERA and Step 3a of the baseline ERA. The 
screening level ERA is organized into the following components (NCDENR 2003b): 

Step 1: Preliminary Problem Formulation and Ecological Effects 
Evaluation. This step is designed to help answer the question "Is there an 
ecology here to protect?" 

Ecological Setting 
Fate and Transport Mechanisms 
Potentially Complete Exposure Pathways 

Step 2: Preliminary Exposure Estimate and Risk Calculation. This step is designed 
to help answer the question "Are risks to ecological receptors present at the site?" 

Data Collection and Evaluation 



Abiotic Screen 
Uncertainty and Data Gaps 
Scientifichlanagernent Decision Point 
Screening-Level ERA Summary 

The Navy ERA process consists of eight steps organized into three tiers and represents a 
clarification and interpretation of the eight-step ERA process (CNO 1999). Under Navy policy, if 
the results of Step 1 and Step 2 (Tier 1 screening level ERA) indicate that, based on a set of 
conservative exposure assumptions, there are chemicals present in environmental media that may 
present a risk to receptor species/communities, the ERA process proceeds to the baseline ERA. 
According to Superfund guidance (USEPA, 1997a), Step 3 represents the problem formulation 
phase of the baseline ERA. Under Navy policy, the baseline ERA is defined as Tier 2, &d the 
first activity under Tier 2 is Step 3a. Step 3a precedes the baseline risk assessment problem 
formulation (Step 3b). In Step 3a, the conservative exposure assumptions applied in Tier 1 are 
refined and risk estimates are recalculated using the same conceptual site model. The evaluation 
of risks in Step 3a may also include consideration of background data, chemical bioavailability, 
and the frequency of detection. If the re-evaluation of the conservative exposure assumptions 
supports an acceptable risk determination, the site may exit the ERA process. 

Step 3a: Refining the List of Chemicals of Potential Concern 

Refinement of Exposure and Effects Level Estimates 
Additional Considerations 
Uncertainty Associated with Step 3a 
Step 3a Summary 

It should be noted that Step 3a is only conducted if it is determined that potential ecological 
effects are possible based on the results of Steps 1 and 2. The conclusion of the screening level 
ERA and Step 3a (if applicable) will be one of the following (NCDENR 2003b): 

There is adequate information to conclude that the ecological risks are negligible 
The site has inadequate data to complete the risk characterization. Large data gaps need 
to be filled prior to completion of the screening process. 
The information indicates a potential for adverse ecological effects and a more thorough 
assessment is warranted. 

The following sections describe the general technical approach and results of the risk evaluation 
at Solid Waste Management Unit (SWMU) 336. 

7.1 Ster, 1 - Preliminarir Problem Formulation and Ecolopical Effects Evaluation 

Screening-level problem formulation concerns the development of a preliminary conceptual 
model for the site that includes a description of the ecological setting including discussion of 
contaminants known or suspected to exist at the site and potential contaminant fate and transport 
mechanisms, and the identification of potentially complete exposure pathways (USEPA 1997a). 
Information gathered as part of Step 1 of the screening level ERA is used to answer the question: 
"Is there an ecology here to protect?" 



7.1.1 Ecological Setting 

An understanding of the ecological setting of the site is an important component of the screening 
level ERA. A discussion of the ecological setting generally includes a description of facility 
operations, the regional ecological setting, and the site-specific ecological setting. A detailed 
description of Marine Corps Base (MCB), Camp Lejeune, including the history and mission of 
the base, a summary of hazardous wastes generated, and detailed information regarding the 
regional ecological setting, including topography and surface features, surface water hydrology, 
geology, hydrogeology, land use and demographics, climatology, water supply, ecological 
characteristics, wetlands, and threatened and endangered species information is provided in 
Section 2.0 of the Phase I1 Confirmatory Site Inspection (CSI) Report (Baker 2002). Information 
on the site-specific ecological setting is provided in the following paragraphs. 

The ecological setting of SWMU 336 was evaluated via examination of historical information 
and a site visit conducted by a certified ecologist on 16 February 2005. During the site visit, 
which lasted approximately one-half hour, the Checklist for Ecolonical Assessments/Sarnvling 
(Appendix A, NCDENR 2003b) was completed. This checklist, including photographs of the site 
taken during the site visit, is presented as Appendix I. 

SWMU 336 consists of a pair of former paint stripping vats located in a separate room within 
Building AS-4106 at Marine Corps Air Station (MCAS) New River. The floor beneath the vats is 
concrete with two floor drains located on either side of the vats. These drains exit the northwest 
side of the building near a red access door (Photo 1 in Appendix I). The paint stripping vats have 
been removed and a new paint stripper has been installed and in use. This new stripper is an 
upgraded unit making potential releases less likely. 

SWMU 336 is located in the middle of a highly industrialized area of the Base, adjacent to the 
airfield. Access (to humans and larger bodied upper trophic level receptors) is restricted by 
fencing that secures the airfield. Terrestrial habitat in the study area is limited to a narrow stretch 
of maintained lawn, which extends approximately 25 feet out from the building and stretches past 
the length of the building (100 feet; total grass area >2500 square feet = 0.06 acres). The 
surrounding area is covered by buildings, cement, or asphalt. Views of the site from the red 
access door are provided as Photos 2, 3, and 4 in Appendix I. The lawn area consists of a mix of 
grasses and herbaceous species (Photo 5 in Appendix I). The presence of terrestrial invertebrates 
in the lawn area is anticipated to be minimal due to the widespread use of pesticides around Base 
buildings. However, because no documentation of pesticide use in the site area is available, 
invertebrates are assumed to have the potential to inhabit this area. No small mammals or other 
animals were observed during the site visit. Based on the distance to habitat that would be 
suitable for dwelling (rather than just foraging), it is unlikely that such receptors would be present 
in this area. Avian receptors do have the potential to access the maintained lawn, where they may 
forage for food items. Figure 7-1 presents an aerial photograph of the study area. 

The topography in the study area is flat to gently sloping. The surface elevation at White Street is 
approximately 24-feet above mean sea level (msl). The surface elevation of the asphalt storage 
area, to the northwest of AS-4106, is approximately 23.4-feet above msl. A concrete drainage 
channel is located northwest of the SWMU just southeast of m t e  Street. Surface water tends to 
drain towards this drainage channel. Direct infiltration of precipitation occurs in the limited 
grassy areas found along side building AS-4106. There was no evidence of surface runoff or 
erosion in the study area. 



As indicated on Figure 3-5, groundwater at the site flows to the south. The depth to the surficial 
aquifer at the site is approximately 9 to 14-feet below ground surface (bgs). Groundwater 
velocity estimates for the surficial aquifer range from 0.005 to 0.086 foot per day (ft/d), with an 
average of 0.038 ft/d (or 13.87 feetlyear) (Section 3.3.2). The hydraulic gradient across the site 
averages approximately 0.005 feedfoot. No aquatic habitat is present at or adjacent to the 
S W .  The nearest downgradient aquatic habitat is the Southwest Creek, located one mile 
south of the SWMU. 

No protected species have been reported or observed at SWMU 336. The site is not located 
within any areas identified as ecologically protected or of significant natural value. No 
endangered species were noted during the site visit nor were endangered species referenced at the 
site during the endangered species survey (LeBlond et al., 1994). 

7.1.2 Fate and Transport Mechanisms 

A transport pathway describes the mechanisms whereby chemicals may be transported from a 
source of contamination to ecologically relevant media. Transport pathways for SWMU 336 are 
illustrated in the preliminary ecological conceptual model (Figure 7-2). As depicted in the 
preliminary ecological conceptual model, the primary mechanisms for chemical transport from 
potential source areas are believed to include the following: 

Leaking/spills from underground pipes to surface and subsurface soils. 

Uptake by biota from soil and trophic transfer to upper trophic level receptors. 

Volatile emissions from surface soils and erosion releasing fugitive dusts to the 
atmosphere. 

Although a potentially complete and significant pathway, as per USEPA Region IV Guidance 
(USEPA, 2000b) the evaluation of chemical transfer to upper trophic level ecological receptors 
via food chain uptake is beyond the scope of the screening level ERA; therefore, food web 
exposure modeling is not included in Step 1 or 2 of this document. It should be noted that in 
many cases, screening values developed by USEPA Region IV and recommended for use by 
NCDENR (2003b) do consider risks to upper trophic level receptors in addition to lower trophic 
level receptors when such information is available from the toxicological data. Food web 
modeling will be included in Step 3a if deemed appropriate based upon the bioavailability, spatial 
distribution, and detected concentrations of COPCs. 

7.1.3 Potentially Complete Exposure Pathways 

An exposure pathway links a source of contamination with one or more receptors through 
exposure via one or more media. Exposure, and thus potential risk, can only occur if each of the 
following components exists: 

A source and mechanism of chemical release into the environment 
An environmental transport medium 
A point of potential contact between an ecological receptor and the medium 
A feasible exposure route at the contact point 

An exposure route describes the specific mechanism(s) by which a receptor is exposed to a 
chemical present in an environmental medium. The most common exposure routes are direct 
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uptake, dermal contact, ingestion, and inhalation. Because SWMU 336 is not adjacent to an 
aquatic habitat, potential exposure to aquatic receptors is not addressed in the following 
paragraphs. 

Terrestrial may be exposed to chemicals present in surface soils through their root surfaces 
during water and nutrient uptake. Terrestrial invertebrates may be exposed to chemicals in soil 
through dermal adsorption and ingestion. Much of the toxicological data available for terrestrial 
invertebrates are based upon in situ studies that represent both adsorption and ingestion pathways; 
therefore, both pathways are considered together in the risk evaluation. 

Upper trophic level receptors may be exposed to chemicals through: (1) the inhalation of gaseous 
chemicals or chemicals adhered to particulate matter; (2) the incidental ingestion of contaminated 
abiotic media (e.g., soil) during feeding or cleaning activities; (3) the ingestion of contaminated 
water; (4) the ingestion of contaminated plant andlor animal tissues for chemicals that have 
entered food webs; and/or (5) dermal contact with contaminated abiotic media. These exposure 
routes (with the exception of the inhalation route) are depicted on Figure 7-2. Their relative 
importance depends in part on the chemical being evaluated. For chemicals having the potential 
to bioaccumulate, the greatest exposure to wildlife is likely to be from the ingestion of prey. For 
chemicals having a limited potential to bioaccumulate (e.g., aluminum), the exposure of wildlife 
to chemicals is likely to be greatest through the direct ingestion of abiotic media, such as soil or 
sediment. 

For upper trophc level receptors, certain potential exposure pathways and/or routes (e.g., dermal 
contact and inhalation), although potentially complete, are considered insignificant relative to 
other pathways (e.g., ingestion) due to low potential for exposure. The relative insignificance of 
the dermal exposure pathway is supported by evidence outlined in Suter I1 et al. (2000) and 
USEPA (2000c), the low potential exposure frequency and duration, and the protection offered by 
feathers, fur, and scales to avian, mammalian, and reptilian receptors, respectively. Literature 
reviews indicate that dermal exposures to wildlife from classes of chemicals known or suspected 
to be of concern via dermal adsorption (volatile organic compounds [VOCs], organophosphate 
pesticides, and petroleum compounds) are often overestimated in laboratory studies (where 
featherslfur are removed) and do not represent realistic exposure scenarios (USEPA, 2000~). 
Moreover, in developing soil screening levels for 24 important compounds identified from 
National Priorities List (NPL) sites and Biological Technical Assistant Group (BTAG) 
recommendations, USEPA calculated that the contribution of dermal exposures to the total dose 
received by terrestrial receptors to be 0.5 percent or less and therefore omitted the dermal 
pathway from in their exposure estimates (USEPA, 2000~). 

Inhalation of gaseous chemicals and chemicals adhered to particulate matter (e.g., soil) is also 
considered insignificant relative to ingestion pathways. As described above for dermal 
exposures, this approach is consistent with Suter I1 et al. (2000) and USEPA (1997b and 2000c), 
which recognize the relatively small contribution the inhalation pathway contributes to exposure 
estimates. For example, USEPA (2000~) estimates the expected contribution of exposure to dust 
particles and VOCs via inhalation to be 0.01 percent and 0.5 percent or less, respectively relative 
to ingestion. When present, vegetative groundcover and litter layers further minimize suspension 
of dust and the potential for inhalation exposures to chemicals adhered to particulate matter. 

A discussion of potential complete exposure pathways for ecological receptors at SWMU 336 is 
presented below. Specific pathways addressed by the screening level ERA are also identified. 



Groundwater Exposure Pathway. The potential release sources for the groundwater exposure 
pathway are surface and subsurface soils that may have been contaminated as a result of leaks or 
spills at the site. Release mechanisms are leachingldesorption of chemicals to subsurface soil and 
vertical migration with infiltrating precipitation to groundwater (or leachingldesorption directly to 
groundwater). 
Although groundwater is not inhabited by ecological receptors, receptors may potentially be 
exposed to chemicals in groundwater if the chemicals migrate to surface water and1 or sediment. 
Based on groundwater contours (see Section 3), groundwater flow direction in the surficial 
aquifer is to the south. The nearest downgradient aquatic habitat is Southwest Creek, which is 
located one mile south of the SWMU. The nature and extent of contamination at this site has 
been defined and is limited to the immediate site vicinity. There is no evidence that site 
contamination is reaching any aquatic habitat or being released to the ground surface via a 
groundwater seep. Based upon these considerations, the groundwater exposure pathway for 
SWMU 336 in incomplete and is not evaluated further in this ERA. 

Soil Exposure Pathway. The release source for the subsurface and surface, soil exposure 
pathway is material that was introduced into the floor drains and may have leaked from the 
underground pipes, or material that may have been spilled at the site. Chemicals may remain in 
site soils or migrate via surface runoff and fugitive dust emissions. Due to the flat topography of 
the site, surface runoff is likely to be minimal. The potential for contaminant migration via 
hgitive dust emissions is addressed in the air exposure pathway. 

Subsurface soil is not considered a complete exposure pathway for terrestrial receptors for the 
following reasons (Suter 1995): 

The mass of most root systems, including grasses and herbaceous species, is within the 
surface soil 
Most soil heterotrophic activity is within the surface organic layer 
Soil invertebrates occur on the surface or within the oxidized root zone 

Air Exposure Pathway. Contaminated surface soil may serve as a release source for the air 
exposure pathway (fugitive dust emissions from wind erosion). In addition to this release 
mechanism, volatilization of chemicals from surface soil may occur. Terrestrial mammals, birds, 
amphibians, and reptiles may be exposed to chemicals in fugitive dust emissions through 
inhalation. The air exposure pathway is not considered a significant exposure pathway at this 
SWMU for a number of reasons. Because the nature of the potential contaminant source at the 
site is an indoor paint-stripping vat, spills would be restricted to the indoor environment. 
Potential leaks or spills from underground piping leading away from the building would result in 
contamination below the ground surface. Although such contamination could move into surface 
soils via capillary action, the maintained lawn that is present in unpaved portions of SWMU 336 
minimizes the volatilization of chemicals from soils and the release of fugitive dusts. 
Furthermore, exposure to contaminants via the inhalation exposure pathway is considered 
insignificant relative to exposure via the ingestion pathway. For these reasons, the air exposure 
pathway is considered insignificant and is not evaluated in this risk assessment. It is noted that 
this pathway is not indicated in the ecological conceptual model. 

7.1.4 Conclusions of Step 1 

Step 1 of the screening level ERA posed the question "Is there ecology here to protect?" Based 
on information regarding the ecological setting of the site, fate and transport mechanisms, and 
potentially complete exposure pathways, which are discussed in the preceding sections, there is a 



maintained lawn area at the site that serves as habitat for terrestrial flora and may also serve as 
habitat for terrestrial fauna. The use of the lawn for foraging by flightless upper trophic level 
receptors is anticipated to be minimal due to the industrial nature of the site and surrounding area. 
Avian receptors may use the site for foraging as access to the site is not restricted for such 
species. 

7.2 Step 2 - Preliminarv Ex~osure  Estimate and Risk Calculation 

Step 2 of the ERA process consists of the preliminary exposure estimate and risk calculation. 
The following sections describe the data available for the preliminary exposure estimate, and the 
methods and results of the abiotic screen. 

7.2.1 Data Used in the Screening Level ERA 

Surface soil data available for the screening level ERA at SWMU 336 include two samples 
collected from temporary well borings in March 2002, four samples collected from temporary 
well borings in June 2003, and three samples collected from soil borings in February 2005. Each 
of these samples was collected from 0 to 1 foot bgs. Of the available surface soil data, four 
samples were collected from areas of the site topped with asphalt or concrete, and were excluded 
from the ERA evaluation because such samples are not representative of suitable terrestrial 
habitat. As a result, data evaluated in the ERA included a total of five surface soil samples. 
Each of the samples (SWMU336-TW01-00, SWMU336-TW02-00, SWMU336-TW03-00, 
SWMU336-TW05-00 and SWMU336-TW06-00) were analyzed for VOCs and RCRA metals. 
Samples SWMU336-TW01-00 and SWMJ336-TW02-00 were additionally analyzed for 
semivolatile organic compounds (SVOCs). Data evaluated in the ERA are summarized in 
Appendix J. 

The available surface soil data did not include duplicate analyses. All samples included in the 
ERA evaluation were collected in 2002 or 2003 and were analyzed by a fixed base laboratory. 

7.2.2 Abiotic Screen 

The screening-level exposure estimate and risk calculation provides a highly conservative 
evaluation of potential ecological risks at a site. Although upper trophic level receptors (e.g., 
birds) may be identified as potential receptors at the site, the screening level ERA is limited to a 
comparison of analytical data to media-specific screening values. Screening values used in the 
screening level ERA are those provided in the NCDENR screening level ERA Guidance (2003b) 
and are consistent with ecological screening values established by USEPA Region IV (USEPA 
2001). The sections that follow describe the various criteria and toxicological benchmarks used 
as screening values (toxicological thresholds) for chemicals analyzed in surface soil. USEPA 
Region IV chemical-specific soil screening values are summarized on Table 7-1. The screening 
values represent conservative exposure thresholds above which adverse ecological effects may 
occur. 

7.2.2.1 Soil Screening Values 

Soil screening values used in this evaluation were obtained from the NCDENR Guidelines for 
performing screening level ERAS (NCDENR 2003b). The recommended soil screening values 
presented by NCDENR are consistent with values recommended by USEPA Region 4 in the 
Ecological Risk Assessment Bulletins. The original sources for these values include the 
following: Beyer (1990), Efroyrnson et al. (1997a), Efroymson et al. (1997b), Canadian Council 



of Ministers of the Environment ([CCME] 1997), the Dutch Ministry of Housing, Spatial 
Planning and Environment (MHSPE) (1 994), and Crommentuijn et al. (1 997). 

7.2.2.2 Hazard Quotient Calculation 

A hazard quotient (HQ) was calculated for each chemical by dividing the maximum exposure 
concentration of the chemical by USEPA Region IV ecological screening value for that chemical: 

Maximum Exposure Concentration 
Hazard Quotient = 

Screening Value 

The maximum exposure concentration is estimated as the maximum detected concentration of the 
chemical or, in cases where the chemical was not detected in a given media, the maximum sample 
detection limit (MDL) (NCDENR 2003b). HQs exceeding 1.0 indicate the potential for risk since 
the estimated exposure exceeds the estimated effects concentration. However, screening values 
and exposure estimates are derived using intentionally conservative assumptions such that HQs 
greater than one do not necessarily indicate that risks are present or impacts are occurring. 
Rather, they identify chemical-pathway-receptor combinations requiring fiuther evaluation. 
Following the same reasoning, HQs that are equal to or less than one indicate that risks are very 
unlikely, enabling a conclusion of no unacceptable risk to be reached with high confidence. 

Chemicals were identified as COPCs if they fell in to one or more of the following categories 
(NCDENR 2003b): 

Category 1 - Chemicals whose maximum detection exceeds the USEPA Region IV 
media specific ecological screening value (HQ> 1 .O; chemical detected). 
Category 2 - Chemicals that were not detected in any samples for a given media, but for 
which the MDL exceeded the USEPA Region IV media specific ecological screening 
value (HQ>1 .O; chemical not detected). 
Categow 3 - Chemicals that have no USEPA Region IV ecological screening value but 
were detected above the laboratory sample quantitation level (SQL) (No screening value; 
chemical detected). 
Category 4 - Chemicals that were not detected above the laboratory SQL and have no 
USEPA Region IV ecological screening value (No screening value; chemical not 
detected). 

Any tentatively identified compounds or unknown chemicals present at the site would have been 
identified as preliminary COPCs and included as Category 3 contaminants; however, no such 
chemicals were present at SWMU 336. Chemicals that did not fall in to one of the contaminant 
categories were not identified as COPCs and were not evaluated further. 

7.2.2.3 Results of the Abiotic Screen 

The results of the abiotic screen for surface soil are presented in the following paragraphs. 
Chemicals identified as ecological COPCs based on the abiotic screen proceed to Step 3a of the 
ERA (Section 7.3). 

Five surface soil samples (0 to 1-foot bgs) were collected and analyzed for VOCs and RCRA 
metals: Two of the samples were additionally analyzed for SVOCs. Table 7-2 presents HQ 
calculations for surface soil. Sixty-eight chemicals were identified as ecological COPCs in 
surface soils. Two RCRA metals (cadmium and chromium) were identified as Category 1 
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COPCs because maximum detected concentrations exceeded surface soil screening values. HQs 
for Category 1 metals were 2.75 (for cadmium) and 38.25 (for chromium), indicating that 
unacceptable risks may be occurring. Concentrations of both metals in excess of USEPA 
Region IV soil screening values were limited to locations SWMU336-TWO1 and SWMU336- 
TW02. 

Four VOCs and 13 SVOCs were not detected but were identified as Category 2 COPCs because 
their MDL exceeded surface soil screening values. HQs for Category 2 COPCs ranged from 
1.20 (for two VOCs) to 8,000 (for atrazine). 

One VOC (acetone) and three SVOCs (bis[2-ethylhexyllphthalate, butylbenzylphthalate, and di- 
n-octylphthalate) were identified as ecological COPCs in Category 3 because they were detected 
in surface soils but lacked USEPA Region IV soil screening criteria. 

Finally, 13 VOCs and 33 SVOCs were identified as Category 4 COPCs because they were not 
detected and are lacking soil screening values. 

7.2.3 Uncertainties Associated with the Screening Level ERA 

The procedures used in this evaluation to assess risks to ecological receptors, as in all such 
assessments, are subject to uncertainties because of the limitations of the available data and the 
need to make certain assumptions and extrapolations based on incomplete information. 
Uncertainties associated with the screening level ERA for SWMU 336 and their effects on risk 
conclusions are presented and discussed below. 

Identification of Ecological COPCs 

There is uncertainty regarding potential risk that may be contributed by chemicals that 
were identified as COPCs but were not detected in site media (Cateory 2 and Category 4 
COPCs). It is as likely that the concentrations of these chemicals at the SWMU are at or 
near zero and that they are not present in ecologically harmful concentrations. The 
identification of such chemicals as COPCs is a conservative measure designed to be 
highly protective, but is likely to overestimate the potential for adverse effects. 

There is also uncertainty regarding the potential risk that may be contributed by 
chemicals that lack soil screening values (Category 3 and Category 4 COPCs). Because 
toxicological data regarding the potential effects of such chemicals on ecological 
receptors is lacking, it is not possible to quantitatively evaluate risks to ecological 
receptors. The identification of such chemicals as COPCs is a highly conservative 
approach aimed at preventing the elimination of compounds that could have harmful 
impacts on the environment from the list of COPCs. Although this approach is 
conservative, the absence of toxicological data on these chemicals adds uncertainty to the 
conclusions of the risk assessment and may lead to an underestimation or overestimation 
of potential ecological impacts contributed by the SWMU. This uncertainty is reduced in 
Step 3a of the baseline ERA though the introduction of additional available toxicological 
data from the literature for those chemicals lacking Region IV ecological screening 
values. 

Each of the VOCs and SVOCs detected in surface soil (acetone, methylene chloride, 
toluene, and the phthalate esters) are known to be common laboratory contaminants 
(USEPA 1989). While validation of the data removes uncertainty involving laboratory 



contamination, there is the possibility that detections of such compounds in site media 
reflect laboratory conditions and not site conditions. 

Exvosure Point Concentrations 

As is typical in a screening level ERA, a finite number of samples of abiotic media are 
used to develop the exposure estimates. The maximum measured concentration provides 
a conservative estimate for immobile biota or those with a limited home range. The most 
realistic exposure estimates for mobile species with relatively large home ranges and for 
species populations (even those that are immobile or have limited home ranges) are those 
based on the mean chemical concentrations in each medium to which these receptors are 
exposed. This is reflected in the'wildlife dietary exposure models contained in the 
Wildlife Exposure Factors Handbook (USEPA 1993), which specify the use of average 
media concentrations. The use of mean concentrations to estimate exposure in a 
refinement (Step 3a of the baseline ERA) is more likely to provide a more accurate 
picture of potential risks at the site. 

Media-specific Screening Values 

Potential adverse impacts to terrestrial flora and fauna were evaluated by comparing the 
detected compound concentrations to surface soil screening values. Screening values 
may not take into account soil type, which may have a great influence on the toxicity of 
the chemicals. For example, soil with high organic carbon content will tend to absorb 
many of the organic compounds, thus making them less bioavailable to terrestrial 
receptors. Some screening values can be developed based on both field and growth 
chamber studies; therefore, the reported toxic concentrations are not always equivalent to 
actual field conditions. In addition, some screening values may be calculated based on a 
low number of studies or may have only examined toxicities to a limited diversity of 
invertebrate species. 

Screening values for some chemicals are based on background soil concentrations and 
not on toxicological studies. The use of these values may overestimate risks at the site. 

In the case of chromium, to be conservative, screening levels were estimated from the 
chromium VI form of the element. Chromium 111, which is orders of magnitude less 
toxic than chromium VI, is most likely to be the predominant form in the environment. 

The species used to develop the screening values may not be present at the site or in 
nearby areas, or have the potential to exist in these areas. Depending on the sensitivity of 
the tested species relative to that of the species at or near the site, use of the toxicity 
values may overestimate or underestimate risk. 

Chemical Mixtures 

Information on the ecotoxicological effects of chemical interactions is generally lacking, 
which required (as is standard for ecological risk assessments) that the chemicals be 
evaluated on a compound-by-compound basis during the comparison to screening 
values. Ths  could result in an underestimation of risk (if there are additive or synergistic 
effects among chemicals) or an overestimation of risks (if there are antagonistic effects 
among chemicals). 



Bioaccumulative Chemicals 

Many of the chemicals identified as ecological COPCS at SWMU 336 have been 
identified as important bioaccumulative chemicals by the USEPA (2000a). There is 
some potential that bioaccumulative chemicals may pose unacceptable risks to upper 
trophic level receptors even if no unacceptable risk is posed to primary receptors. 
Because ecological screening values are often based on toxicological studies of primary 
receptors (e.g., terrestrial plants and invertebrates), the abiotic screen alone may 
underestimate the number of COPCs at the SWMU. An evaluation of risks to upper 
trophic level receptors is beyond the scope of the screening level ERA. The 
bioaccumulative potential of individual chemicals is considered in Step 3a of the 
baseline ERA when determining the need for further evaluation. 

7.3 Step 3a - ref in in^ the List of Chemicals of Potential Concern 

The screening level ERA for SWMU 336 indicated that, based on a set of conservative exposure 
assumptions, there are multiple chemicals that may present a risk to ecological receptors in the 
maintained lawn adjacent to the site. Therefore, SWMU 336 was carried in to Step 3a of the 
ERA process. In Step 3a, the ecological COPCs identified in Step 2 are further evaluated to 
determine which chemicals, if any, can be removed from further ecological consideration. The 
Step 3a evaluation examines multiple factors that improve the realism of the risk evaluation while 
remaining protective of the environment. These factors include consideration of population-level 
effects, use of alternative screening values, an evaluation of background data, consideration of the 
frequency and distribution of detections, consideration of bioavailability, dilution, and natural 
attenuation, and any chemical or site-specific considerations that may be relevant. These factors 
were used to weigh the evidence of potential risk for each COPC identified for each media to 
assess whether the COPC should be carried in to Step 3b of the baseline ERA. The specific 
assumptions and methods that were modified for Step 3a are identified below, along with 
justification for each modification. If re-evaluation of the conservative exposure assumptions 
supports an acceptable risk determination then the site may exit the ecological risk assessment 
process (USEPA 1997a, CNO 1999). 

7.3.1 Refinement of Exposure and Effects Level Estimates 

During Steps 1 and 2, maximum chemical concentrations of detected chemicals were used as 
conservative estimates of receptor exposure to calculate HQs. Because many of the receptors 
evaluated are relatively immobile or have a limited home range, individuals are more likely to be 
impacted by locations of maximum concentration; however, average contaminant concentrations 
are more appropriate for evaluating impacts to populations of soil invertebrates. Arithmetic 
means were calculated for all compounds identified as COPCs in the screening level ERA. For 
COPCs detected in less than 100 percent of the samples collected, arithmetic means were 
calculated using one half the detection limit of non-detected samples. These means were used to 
estimate the exposure of ecological receptors to site contaminants. If the arithmetic mean for a 
given chemical was greater than the maximum detected concentration, the maximum detected 
concentration was used as the exposure estimate. 

Effect levels used in Steps 1 and 2 were NCDENR media screening values. In Step 3a, screening 
values were introduced, when available, for chemicals that did not have screening values 
established by NCDENR. All screening values used in Step 3a are provided on Table 7-3. 
Screening values that were introduced for Step 3a are shaded on the table. Introduced screening 
values included those established by NCDENR for chemical classes (e.g., the screening value for 



total PAHs is applied to individual PAHs), and USEPA Region V soil ecological screening values 
for RCRA hazardous constituents (USEPA 2003). 

A mean HQ was calculated for each COPC using the refined estimates of exposure and effects. 
Chemicals with mean HQs less than or equal to one are unlikely to pose unacceptable risks to 
populations of ecological receptors. In most cases, such chemicals were not considered to be 
risk-driving COPCs and were not recommended for further ecological evaluation. However, 
prior to removing a chemical from further consideration, the maximum HQ and spatial 
distribution of exceedences were evaluated to identify any potential hot spots of contamination 
that may be driving unacceptable risk. Only if no hot spots were identified was a mean HQ less 
than one used as a sole criterion for eliminating a COPC from further consideration. 

Results of the refinement of exposure assumptions for surface soil are summarized on Table 7-4. 
The comment column of this table indicates those chemicals with a mean HQ less than or equal to 
1 .o. 

7.3.2 Comparison to Background Data 

Inorganic constituents in surface soil that were selected as COPCs based on the screening level 
ERA were compared to background data. Surface soil background data were obtained from the 
Final Area of Concern Background Study (Baker 2001). SWMU-specific background 
concentrations were established using protocol outlined in Ohio Environmental Protection 
Agency's (OEPA's) Closure Plan Review Guidance for RCRA Facilities (OEPA, 1999). 
NCDENR agreed that SWMUs could be grouped together into areas of concern (AOCs) based on 
geographical location, geology and type of SWMU, and that background concentrations for 
metals could be established for each of these AOCs. These background data are to be evaluated 
in comparison to the levels of inorganic constituents detected at individual, SWMUs to assess 
whether the presence of such constituents is naturally occumng or may be attributed to activities 
(past andlor present) within the AOCs. Surface and subsurface soil samples were collected from 
eleven AOCs. Surface soil samples were collected from 0 to 1 foot bgs, and subsurface soil 
samples were collected from just above the water table. All soil samples were analyzed for TAL 
metals, TOC, and pH. SWMU 336 is included within AOC 2, therefore, surface soil data from 
SWMU 336 are compared to the AOC 2 background data set. The complete set of background 
data collected for each AOC is presented in the AOC Background Study. 

In accordance with USEPA Region 4 Human Health Risk Assessment Bulletins, Supplement to 
RAGS, maximum site concentrations were compared to two times the base background mean 
(USEPA, 2000d). The comparison is useful for determining whether or not the presence of 
chemicals at the site should be considered site related or may be considered naturally occurring. 
Inorganic constituents with background concentrations (two times the mean) that exceed 
maximum site concentrations are not considered risk-driving COPCs and are not recommended 
for further evaluation. Organic compounds were not analyzed as part of the AOC Background 
Study. 

Table 7-4 presents background data and results of comparisons to maximum soil concentrations 
at SWMU 336. The comment column of this table indicates those chemicals for which maximum 
site concentrations were less than twice the mean background concentration with the comment "< 
Background." 



7.3.3 Frequency and Distribution of Detections 

Chemicals not detected in any environmental samples are unlikely to be present in sufficient 
volume to contribute significant risks to receptors at a site, especially at the population level. 
Those COPCs that were not detected were removed from further consideration and are indicated 
on Tables 7-4 by the comment "Not Detected." The magnitude and frequency with which sample 
quantitation limits exceeded screening values and the likelihood for a chemical to be site-related, 
even if not detected, were considered prior to removing a chemical from further consideration 
based on detection frequency. 

It should be noted that chemicals detected infrequently may also be removed from further 
consideration after evaluation of a variety of factors including the distribution of detections, the 
magnitude of potential risks, and the site history and presence or absence of chemical precursors 
in any site media. When appropriate, a discussion of such chemicals is included in the text. 

7.3.4 Considerations of Bioaccumulative Potential 

The USPEA has identified certain chemicals as "important bioaccumulative chemicals" (USEPA 
2000a). Bioaccumuative chemicals may pose unacceptable risks to upper trophic level receptors 
even if no unacceptable risk is posed to primary receptors. Although an evaluation of risks to 
upper trophic level receptors is not included in the screening level ERA, consideration of the 
bioaccumulative potential of each COPC will be made before determining the need for additional 
evaluation of a particular chemical. Those chemicals identified as important bioaccumulative 
chemicals by the USEPA are indicated in the third column from the right on Table 7-4. 

7.3.5 Additional Considerations 

Additional factors that were considered when determining the need for further evaluation of an 
ecological COPC include but are not limited to the following: 

For chemicals lacking screening values, comparison to range of available screening 
values for chemicals in the same chemical class. 

For chemicals with screening values not based on toxicological studies, consideration of 
toxicological-based screening values from the scientific literature. 

Chemical specific considerations for surface soil COPCs are addressed in the following sections. 

7.3.5.1 Surface Soil COPCs 

The SVOCs bis(2-ethylhexyl)phthalate, butylbenzylphthalate, and di-n-octylphthalate were 
identified as a Category 3 COPCs in Step 2 of the screening level ERA because they were 
detected in surface soils and lacked USEPA Region IV soil screening values. The screening 
value listed on Table 7-3 for each of these chemicals (100 microgram per kilogram [ug/kg]) was 
provided by NCDENR to screen total phthalates; maximum detected concentrations of bis(2- 
ethylhexyl)phthalate, butylbenzylphthalate, and di-n-octylphthalate exceeded this value. The 
original source of the 100 udkg screening value is a Dutch soil screening benchmark (MHSPE, 
1994). This screening value represents background concentrations, and is not based on 
toxicological data; therefore, it may not be representative of effects-based concentrations. For 
this reason, an additional search for toxicity-based benchmarks was conducted for each of the 
three phthalates under consideration. 



USEPA Region V (USEPA, 2003) has developed screening values for RCRA hazardous 
materials, including a value of 925 ug/kg for bis(2-ethy1)hexylphthalate. This screening value is 
based on toxicity to the masked shrew (Sorex cinerus) (USEPA 2003). Bis(2- 
ethylhexy1)phthalate was detected in each of the two Phase I1 surface soil samples. Sample 
SWMU336-TW01-00 had a concentration of 860 ugkg, and sample SWMU336-TW02-00 had a 
concentration of lOOJ ug/kg. Both detections at the SWMU were less than the Region V 
benchmark. A search of the primary literature on the toxicological effects of bis(2- 
ethylhexy1)phthalate to soil flora and fauna yielded a single study. Neuhauser et al. (1985) 
investigated the toxic effect of bis(2-ethy1hexyl)phthalate on Lactuca sativa (lettuce) growth in a 
natural soil (1.4 percent TOC). After 14-days of exposure, lettuce growth (biomass) was not 
affected by the single concentration tested (1,000,000 ug/kg). Application of a conservative 
safety factor of 100 yields an estimated chronic NOAEL equal to 10,000 ug/kg. Given each of 
the detected concentrations of bis(2-ethylhexy1)phthalate in SWMU 336 surface soil is less than 
the toxicologically based USEPA Region V screening value and the NOAEL estimated from data 
reported by Neuhauser et al. (1985), bis(2-ethylhexy1)phthalate is not identified as a potential 
ecological risk driver, and no additional evaluation is recommended. 

USEPA Region V developed a screening value of 239 ugkg for butylbenzylphthalate (based on 
toxicity to the masked shrew; USEPA 2003). Butylbenzylphthalate was detected in one sample 
(SWMU336-TW01-00) at 860 uglkg, which exceeds the Region V screening value. No 
additional toxicological data on butylbenzylphthalate was found in a search of the primary 
literature. The location-specific HQ for butylbenzylphthalate at SWMU336-TW01-00 is 3.60, 
indicating a low potential for adverse effects to receptors at this location. Butylbenzylphthalate 
was not detected in any other Phase I1 surface samples, which were located in areas that were 
most likely to be contaminated, and was not analyzed for in the RFI samples. The second Phase 
I1 sample was located approximately 15 feet from SWMU336-TW01-00. The absence of 
butylbenzylphthalate in this soil sample suggests that contamination is spatially limited to the 
immediate vicinity of SWMU336-TW01-00. Based on the relatively low HQ at the area of the 
site most likely to be contaminated, and the limited spatial extent of contamination, 
butylbenzylphthalate is not identified as an ecological risk driver, and no further evaluation is 
recommended. 

USEPA Region V developed a screening value of 709,000 ug/kg for di-n-octylphthalate (based 
on toxicity to the masked shrew; USEPA 2003). Di-n-octylphthalate was detected in one sampIe 
(SWMU336-TWO1-00) at 1 IOJ uglkg, which is three orders of magnitude less than the Region V 
screening value. No additional toxicological data on di-n-octylphthalate was found in a search of 
the primary literature. Because the sole detection of di-n-octylphthalate at SWMU 336 was less 
than the toxicity-based Region V screening value, this phthalate is not considered an ecological 
risk driver and no further evaluation is recommended. 

Cadmium was identified as a Category 1 COPC in the screening level ERA because the 
maximum detected concentration (4.4 milligram per kilogram [mg/kg] in SWMU336-TW02-00) 
exceeded the USEPA Region IV screening value of 1.6 mg/kg. The mean concentration of 
cadmium at the site (1.42 mg/kg) was less than this screening value, indicating acceptable risk to 
populations of ecological receptors that may forage at the site. As a conservative measure, the 
spatial distribution of cadmium concentrations in excess of the soil screening value was 
evaluated. Cadmium concentrations exceeded the soil screening value at two locations; in 
addition to the maximum detected concentration, the concentration of cadmium in sample 
SWMU336-TW01-00 (1.8 mg/kg) just exceeded the screening value. Based on the limited 
spatial distribution of exceedences, the relatively low maximum HQ (2.75) indicating a low 



potential for adverse ecological effects, and a mean HQ indicating acceptable site-wide risks, 
cadmium is not identified as an ecological risk driver and no further evaluation is recommended. 

Chromium was identified as a Category 1 COPC in the screening level ERA because the 
maximum detected concentration exceeded the surface soil screening value (0.4 mg/kg). Two 
sample locations had chromium concentrations in excess of the screening value: location 
SWMU336-TWO 1-00 (1 3.8 mg/kg) and SWMU336-TW02-00 (1 5.3 mglkg). Although both 
detected chromium concentrations at SWMU 311 exceeded two times the mean background 
concentration from AOC 2 (12.68 mglkg; Table 7-4), the site detections were very close to the 
maximum background detection (range of chromium in AOC 2 background samples = 2.25 to 
14.95 mg/kg), and the mean site concentration (5.86 mg/kg) was less than the background mean 
(6.34 mglkg). In addition to the USEPA Region IV screening value for chromium, the Federal 
USEPA has established ecological soil screening levels (Eco-SSLs) for this metal (USEPA 2005). 
An Eco-SSL of 26 mg/kg (Cr 111) was established for avian receptors, while Eco-SSLs of 34 
mgtkg (Cr 111) and 81 mg/kg (Cr VI) were established for mammalian receptors. Chromium 
concentrations at SWMU 336 were less than each of these values. Insufficient data were 
available for the USEPA to establish Eco-SSLs for terrestrial plants or invertebrates; however, 
USEPA 2005 does provide data from two invertebrate toxicity studies that they consider eligible 
for Eco-SSL derivation (a minimum of three studies are required to establish an Eco-SSL). In the 
first study, Van Gestel et al, (1 992) identified a MATC of 57 mg/kg for effects on reproduction of 
the earthworm Eisenia andrei in soils with a pH of 6.7. In 1993, the same researchers studied 
reproductive effects of chromium on E. andrei in a soil with a pH of 6.0 and again identified a 
MATC of 57 mglkg (Van Gestel et al., 1993). Again, site concentrations of chromium were less 
than these toxicity-based values. Because chromium concentrations at SWMU 336 were 
essentially equivalent to background concentrations, and were less than Eco-SSLs established by 
the USEPA, chromium is not identified as an ecological risk driver and no further evaluation is 
recommended. 

7.4 Risk Characterization 

The risk characterization integrates the results of the screening level ERA and Step 3a. The 
likelihood of adverse effects occurring as a result of exposure to a stressor is evaluated. The 
ecological significance of the risks characterized at the site is discussed considering the types and 
magnitudes of the effects and their spatial and temporal patterns. Ecologically significant risks 
are defined as those potential adverse risks or impacts to ecological integrity that affect 
populations, communities, and ecosystems, rather than individuals (i.e. measured impacts to 
individuals does not necessarily indicate impacts to the ecosystem). 

Limited terrestrial habitat is present at SWMU 336. This habitat is a maintained lawn area, which 
is a highly modified low-quality habitat. The lawn may be used by terrestrial flora, fauna, and 
avian upper trophic level receptors. Of the 75 chemicals identified as ecological COPCs based on 
Steps 1 and 2 of the screening level ERA, none are recommended for further evaluation based on 
the results of Step 3a. Surface soils at the SWMU are not indicated to pose unacceptable risks to 
ecological receptors and no further evaluation is recommended. 



7.5 Uncertainties Associated with Ster, 3a of the Baseline ERA 

Many of the uncertainties identified in Section 7.2.3 also apply to the refined screening level risk 
calculation. Additionally, many uncertainties present in the screening level risk calculation are 
reduced or eliminated with the Step 3a evaluation. No additional uncertainties have been 
identified for Step 3a of the baseline ERA at SWMU 336. 

7.6 Summary 

Limited terrestrial habitat is present at SWMU 336, which may be used by terrestrial flora, fauna, 
and avian upper trophic level receptors. Of the 75 chemicals identified as ecological COPCs 
based on Steps 1 and 2 of the screening level ERA, none are recommended for fiuther evaluation 
based on the results of Step 3a. Surface soils at the SWMU are not indicated to pose 
unacceptable risks to ecological receptors and no further evaluation is recommended. 

No aquatic habitat was present at SWMU 336. The groundwater exposure pathway was 
evaluated to detennine if there was the potential for off-site risk to aquatic receptors via the 
discharge of contaminated groundwater from the site. This pathway was determined to be 
incomplete; therefore, no unacceptable ecological risk to aquatic habitat is posed by the SWMU. 
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TABLE 7-1 
ECOLOGICAL SCREENING VALUES 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB CAMP LEJUENE. NORTH CAROLINA 

Notes: 
NA =Not Applicable1 Not Established 

CCME =Canadian Council of Ministers of the Environment 

USEPA = United States Environmental Protection Agency 

"' Soil screening values are in microgram per kilogram (uglkg) for organic compounds and in milligram 

per kilogram (mglkg) for inorganic constituents. 

'2' Values obtained from Guidelines for Performing Screening Level Ecologrcal Risk Assessments Within 

the North Carolina Division of Waste Management (NCDENR 2003); Reference cited shows original 
reference. 

Analyte 

Semivolatile Organics (Cont): 
n-Nitroso-di-n-propylamine 
n-Nitrosodiphenylamine 
Pentachlorophenol 
Phenanthrene 
Phenol 
F'yrene 
PAHs (total) 
Phthalates (total) 
Total Inorganics: 
Arsenic 
Barium 

Cadmium 
Chromium (Total) 
Lead 
Mercury 
Selenium 
Silver 

SWMU 336 Screen Step 2 xls 6/29/2005 Page 3 of 3 

USEPA Region IV Recommended Surface 
Values 

Comment 
(ug/kg) o r  

(mg/kg) a' 

N A 
20,000 

2 
100 
50 
100 
1000 
100 

10 
165 

1.6 
0.4 
50 
0.1 

0.81 
2 

Soil Screening 

Reference "' 
-- 

Efroymson et. al. 1997 
MHSPE 1994 
Beyer 1990 

MHSPE 1994 
Beyer 1990 

Beyer 1990, MHSPE 1994 
MHSPE 1994 

Efroymson et. al. 1997 
Crommentuijn et. al. 1997 

Crommentuijn et. al. 1997 
Efroymson et. al. 1997 and CCME 1997 
Beyer 1990 and Efroymson et. al. 1997 

Efroymson et. al. 1997 
Crommentuijn et. al. 1997 

Efroymson et. al. 1997 



TABLE 7-2 
SELECTION OF ECOLOGICAL COPCs IN SURFACE SOIL 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB CAMP LEJEUNE, NORTH CAROLINA 

SWMU 336 Screen Step 2 . ~ 1 ~ .  7-2 SS l o f 5  



TABLE 7-2 
SELECTION OF ECOLOGICAL COPCs IN SURFACE SOIL 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB CAMP LEJEUNE, NORTH CAROLINA 

SWMU 336 Screen Step 2 . ~ 1 ~ .  7-2 SS 2ofS 

Contaminant 
Category 

Methylene chloride 215 12 - 28 SWMU336-TW02-00 12U 28.00 2000 0.01 No 

Soil 
COPC? 

No 

Maximum 
Hazard 
Quotient 

0.12 

Note 

hydrocarbons 

EPA 
Region IV 

ESV 

100 

Analyte 

Contaminant FrequencyBange 
Concentration 

Used For 
screening"' 

12.00 

Frequency 
of 

Detection 
Volatile Organic Compounds (ug/kg)(Cont.) 
Methylcyclohexane I 015 

Location of 
Maximum 

Concentration 

NA 

Range of 
Positive 

Detections 

N A 

Range of 
Detection Limits 

5U - 12U 



TABLE 7-2 
SELECTION OF ECOLOGICAL COPCs IN SURFACE SOIL 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB CAMP LEJEUNE, NORTH CAROLINA 

SWMU 336 Screen Step 2.xls. 7-2 SS 3ofS 

Soil 
COPC? 

Yes 
No 

Maximum 
Hazard 
Quotient 

8.80 

Contaminant 
Category 

2 

Analyte 
Semivolatile Organic Compounds 
4-Nltroanll~ne 

EPA 
Region N 

ESV 

100 

Note 

hydrocarbons 

4-Nltrophenol 

Contaminant Frequency/Range 

7000 1 011 

Frequency 
of 

Detection 

(ug/Kg)(Cont.) 
012 

Range of 
Detection Limits 

760U - 800U 
OD 

Concentration 
Used For 

Screening"' 

800 00 
760U - 800U 

Range of 
Positive 

Detections 

N A 
800 00 

Location of 
Maximum 

Concentration 

NA 
N A N A 



TABLE 7-2 
SELECTION OF ECOLOGICAL COPCs IN SURFACE SOIL 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Notes: 

' ' I  Maximum concentration. If contam~nant was not detected, equals the maximum detection limit. 

D = Value is the result of a dilution 
U = Chemical was not detected above the method detection limit 
J = Estimated Value 
NJ = Presumptive evidence for the presence of the material at an estimated value 

COPC = Contaminant of Potential Concern 
EPA = Ecological Protection Agency 
ESV = Ecological Screening Value 
Hazard Quotient = Contaminant Concentration/ ESV 
MDL =Maximum detection limit 
mglkg = miligram per kilogram 
NA =Not  Ava~lable 
SQL = Sample quantitation limit 
uglkg = microgram per kilogram 

SWMU 336 Screen Step 2 . ~ 1 ~ .  7-2 SS 



TABLE 7-2 
SELECTION OF ECOLOGICAL COPCs IN SURFACE SOIL 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Notes (Continued): 
Contaminant Categories 
I Contaminant was found in concentrations exceeding its screening value. 
2 Contaminant was not found in concentrations exceeding the SQL; however, the MDL exceed its screening value. 
3 Contaminant was found in concentrations exceeding its SQL; however, there is no current screening value for the contaminant. 
4 Contaminant was not found in concentrations exceeding the SQL and there is no current screening value for the contaminant. 

Soil 
COPC? 

Maximum 
Hazard 

Quotient 

S w U  336 Screen Step Z.xls, 7-2 SS 

Contaminant 
Category Note 

EPA 
Region IV 

ESV Analyte 

Contaminant FrequencyIRange 
Frequency 

of 
Detection 

Range of 
Positive 

Detections 

Location of 
Maximum 

Concentration 
Range of 

Detection Limits 

Concentration 
Used For 

Screening"' 



TABLE 7-3 
MEDIA-SPECIFIC SCREENING VALUES FOR STEP 3A 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB CAMP LEJUENE, NORTH CAROLINA 

SWMU 336 Screen Step 3A.xls 7/1/2005 Page 1 of 3 



TABLE 7-3 
MEDIA-SPECIFIC SCREENING VALUES FOR STEP 3A 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB CAMP LEJUENE, NORTH CAROLINA 

SWMU 336 Screen Step 3A.xls 7/1/2005 Page 2 of 3 



TABLE 7-3 
MEDIA-SPECIFIC SCREENING VALUES FOR STEP 3A 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB CAMP LEJUENE, NORTH CAROLINA 

Notes: 
NA =Not Applicable1 Not Established 

CCME = Canadian Council of Ministers of the Environment 

MHSPE =Ministry of Housing, Spatial Planning, and the Environment 

USEPA = United States Environmental Protection Agency 
'I' Soil screening values are in microgram per kilogram (ugkg) for organic compounds and in milligram 

per kilogram (mglkg) for inorganic constituents. 
'" Non-shaded values are USEPA Region IV screening values obtained from Guidelines for Performing 

Screening Level Ecological Risk Assessmenrs wirhin the North Carolina D~vision oJ Waste 
Mamgemenr (NCDENR 2003); Reference cited shows original reference. 

Shading indicates a screening value not included in NCDENR 2003. 

SWMU 336 Screen Step 3A.xls 7/1/2005 Page 3 of 3 



TABLE 74 
REFINED ASSESSMENT OF ECOLOGICAL COPCs IN SURFACE SOIL 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Comments 

Not Detected 
Mean HQ < I .O 

Further 
Evaluation 

Recommended 

based on 

Step 3A? 

No 

Important 

Bioaccumulstive 
Chemical? IS' 

No 

Frequency of Detection 

Ecological Chemicals 
of Potential Concern 

based on Steps 1 and 2 

Volatile Organic Compounds (uglkg) 
1.1.2-Trichloro- l,2,2-hifluoroethane 

Frequency 

of 

Detection 

015 

Background Comparison 

Contaminant 
Category (" 

4 

Contaminant 

Detected? 

No 

Refined Risk Screening 
Maximum Site 
Concentration 

Less than 2X 
Background? 

N A 

Maximum 

Site 
Concentration 

ND 

l X Mean 

Ba~kground'~) 

Concentration 

N A 

Mean 
HQ "' 

N A 

Arithmetic 
Mean 

( ~ s l f  
Non-Detects) 

4.70 

Refied 
Surface Soil 

Screening 
Value (sssV)"' 

N A 



TABLE 7-4 
REFINED ASSESSMENT OF ECOLOGICAL COPCs IN SURFACE SOIL 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB CAMP LEJEUNE, NORTH CAROLINA 

based on Steps 1 and 2 

SWMU 336 Scrccn Slcp 3A.x15 SS 3a Zof3 



TABLE 7-4 
REFINED ASSESSMENT OF ECOLOGICAL COPCs IN SURFACE SOIL 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Ecological Chemicals 
of Potential Concern 

based on Steps 1 and 2 

Notes: 
U =Chemical was not detected above the method dctcction limit 
J = Estimated Value 
HQ = Hazard Quotient Hazard Quotient = Contaminant Concentration/ ESV 
mgkg = miligram per kilogram 
ugkg = ~nicrogram per kilogram 
NA =Not Applicable 

"' See Table 7-2 and text for definitions ofcontaminant categories 
"' References for all screening values are provided on Table 7-3 
"" The mean HQ represents the mean (half non-detect) concenmtion divided by the screening value. In cases where the mean exceeds the maximum the maximum value is use. 
'4' The background concentration presented is for AOC 2 surface soils (Final Area of Concern Background Study [Baker 20011) 
"' Compound is identified as an "important bioaccumulative chemical" in the USEPA documenBiooccumularron Tesrmg andInferprefa~ianJor the Purpose ofSed~ment Qualiy Assessmenl, Starus andNeedF 

(EPA-823-R-00-001, February 2000). 
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Source 

SWMU 336 -paint and 

Transport Pathways Exposure Media Exposun Route Receptors 

I ~ o o t  uptake I I I I I I I I I I * I I I I  

paint-stripping chemicals 
associated with paint 
stripping vats in Building 
AS-4106 

/ 
Uptake1 Terrestrial Biota 

Accumulation b 
---- Aquatic Biota 

\ J 
- 

4 
/ \ 

Surface and 
Leak.- Subsurface Soils 

Drain Pipes \ .  ----------------------- 
i 1 

/ 

Potentially complete exposure 
pathway (evaluated) 
Incomplete exposure pathway 
(not evaluated) 

LeachinglDesorption Groundwater 

. ...................... 

FIGURE 7-2. ECOLOGICAL CONCEPTUAL MODEL 
SWMU 336, MCB CAMP LEJEUNE 

- Receptor is part of potentially complete 
exposure pathway 

(Note that use of the site by upper trophic level 
ecological receptors is expected to be minimized by 
the industrial nature of the site and surrounding 
areas.) 

. * * * * *  a * .  



8.0 CONCLUSIONS AND RECOMMENDATIONS 

This section provides a discussion of conclusions that were rendered based on the data collected 
from the Phase I1 CSI and the RFI. Recommendations for future actions are also discussed. 

Cadmium and methylene chloride were detected in soil at concentrations exceeding the 
regulatory-driven screening values. The cadmium contamination appears to be limited to one 
surface soil sample near the SWMU and the methylene chloride contamination was limited to this 
same surface soil sample and one subsurface soil sample. 

PCE was detected in groundwater at concentrations exceeding the regulatory-driven screening 
values. The PCE. contamination was detected at three temporary well locations. This 
contamination has been bounded and is limited to a small localized area at the SWMU. 

Current land use scenarios were evaluated in the baseline HHRA for SWMU 336. There were no 
unacceptable carcinogenic risks or adverse noncarcinogenic hazard levels calculated that 
exceeded USEPA's acceptable criteria for the current military Base personnel, future adolescent 
trespasser, or future construction worker. 

There were no adverse noncarcinogenic health hazards calculated that exceeded USEPA's 
acceptable criteria for the future adult and child residents. The total ILCRs exceeded the USEPA 
acceptable range of 1 x 10-06 to 1 x for the future adult and child residents when considering 
the RME, or reasonable maximum exposure, scenario. This is caused by ingestion of and dermal 
contact with PCE in the shallow groundwater. However, it should be noted that the total ILCRs 
for the adult and child were within USEPA's acceptable range under the CT, or average, exposure 
scenario. 

It should also be noted that the maximum detected concentration of PCE in the groundwater data 
set came from sample SWMU336-GW01, which was collected from a temporary well during the 
Phase I1 CSI investigation. It should be noted that PCE was not detected in any of the 
groundwater samples collected during the RFI. Furthermore, the maximum detected 
concentrations were used in the risk calculations because there was no definitive plume found at 
this SWMU. The use of maximum concentrations from SWMU336-GW01 likely overestimates 
the actual risks to these receptors f?om the SWMU. It is also unlikely that the shallow 
groundwater at the SWMU would be used as potable water source. 

Therefore, based on the quantitative results of the baseline HHRA, unacceptable risk was 
calculated for future residents upon exposure to groundwater investigated at the SWMU. 
However, consideration should be given to the conservatism added to the groundwater exposure 
evaluation. 

Based on the results of the Screening Level Ecological Risk Assessment (SLERA) and Step 3A 
of the Baseline Ecological Risk Assessment (BERA) at SWMU 336, none of the 75 chemicals 
identified as ecological COPCs are recommended for further evaluation. Surface soils at the 
SWMU are not indicated to pose unacceptable risks to ecological receptors and no fiu-ther 
evaluation is recommended. 

No aquatic habitat was present at SWMU 336. The groundwater exposure pathway was 
evaluated to determine if there was the potential for off-site risk to aquatic receptors via the 
discharge of contaminated groundwater from the site. This pathway was determined to be 
incomplete; therefore, no unacceptable ecological risk to aquatic habitat is posed by the SWMU. 



Future actions with respect to groundwater are recommended because PCE detected in samples 
from the temporary monitoring wells were above the North Carolina 2L Standards. These actions 
may include installing monitoring wells in locations where sample numbers SWMU336-GW01, 
SWMU336-TWO3 and SWMU336-TWO6 were collected and resampling the groundwater in the 
vicinity of these samples. If the PCE detections are duplicated, then additional monitoring wells 
could be installed in a manner that would promote long-term monitoring at this site. If the PCE 
detections are not duplicated, then a third sample could be collected from the monitoring wells 
and no further action should be implemented at the site if the most recent results indicate that the 
PCE detections can not be duplicated. 
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APPENDIX A 

Test Boring and Piezometer Construction Records 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 
PROJ. NO.: 
COORDINATES: 
ELEVATION: 

SWMU Investigation 
CTO-0143 BORING NO.: SWMU336- TWO1 
EAST: NORTH: 
SURFACE: TOP OF PVC CASING: 

DRILLING CO.: Parratt Wolff Inc. 
DRILLER: Mark Eaves / Jim Robertson 

BAKER REP.: David D. Schilling 
BORING NO.: sw~u336- TWOI SHEET 1 OF 2 



TEST BORING AND WELL CONSTRUCTION RECORD 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: SWMU Investigation 
PROJ. NO.: CTO-0143 BORTNG NO.: SWMU336- TWO2 
COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: TOP OF PVC CASING: 

DRILLING CO.: Parratt Wolff Inc. 
DRILLER: Mark Eaves / Jim Robertson 

BAKER REP.: David D. Schilling 
BOEUNG NO.: ~ ~ 3 3 s -  TWOZ SHEET 1 OF 2 



TEST BORING AND WELL CONSTRUCTION RECORD 

DRILLING CO.: Parratt Wolff lnc. 
DRILLER: Mark Eaves 1 Jim Robertson 

BAKER REP.: David D. Schilling 
B O m G  NO.: smns w02 SHEET 2 OF 2 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Camp Lejeune RCRA hogram - SWMU 336 
PROJ. NO.: CTO-0143 BORING NO.: TWO3 
COORDINATES: EAST: 2465244.01 NORTH: 353706.790 
ELEVATION. SURFACE: TOP OF PVC CASING: 26.59 

Remarks. Sample ID is as follows: "SW336-TW03--", with the suffix shown below. I 

Depth (Ft.) 

WELL INFORMATION 
I I Top I Bottom 

SAMPLE TYPE 
S = Sample A = Auger 

T = Shelby Tube W = Wash 
R = Air Rotary C = Core 

D = Direct Push P = Pisto I lsch 40 PVC casing I 1-in I 0.0 I 8.0 

"3'pe Diam. 

SPT 

- 

-- 

-- 

N 
Sample 
Type & 

No. 

S- l 

S-2 

S-3 

lSch 40 10-Slot PVC Screen I 1-in 1 8.0 1 18.0 
Lab I PID I I Well 1 Elevation 

=No Sample 
Sample 

Rec. 
(Ft.,%) 

3.3 
83% 

3.9 
98% 

3.7 
93% 

DRILLING CO.: Parratt-Wolff 
DRILLER: Lewis LeFever 

Depth 
(Ft.) 

BAKER REP.: David D. Schilling 
BORING NO.: TWO3 SHEET 1 OF - 2 

Depth 
(Ft.) 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Camp Lejeune RCRA Program - SWMU 336 
CTO NO.: CTO-0 143 BORING NO.: TWO3 

DRILLING CO.: Parratt-Wolff 
DRILLER: Lewis LeFever 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 

BAKER REP.: David D. Schilling 
BORING NO.: TWO3 SHEET2 OF - 2 

PEPWrrIONS 
SPT = Standard Penetration Test (ASTM Dl  586) 
PID = Photo Ionization Detector Measurement 
MSL = Mean Sea Level 



TEST BORJNG AND WELL CONSTRUCTION RECORD 

PROJECT: Camp Lejeune RCRA Program - SWMU 336 
PROJ. NO.: CTO-0143 BORING NO.: TWO4 
COORDINATES: EAST: 246521 8.470 NORTH: 353707.33 
ELEVATION: SURFACE: . TOP OF PVC CASING: 23.42 

Remarks: Sample ID is as follows: "SWMU336-TW04--", with the suffix shown below. I 

Visual Description 

DRILLING CO.: Parratt-Wolff 
DRILLER: Lewis LeFever 

BAKER REP.: David D. Schilling 
BORING NO.:- TWO4 SHEET 1 OF 2 



TEST BORING AND WELL CONSTRUCTION RECORD 

DRILLING CO.: Parratt-Wolff 
DRZLLER: Lewis LeFever 

BAKER REP.: David D. Schilling 
BORING NO.: TWO4 SHEET 2 OF 2 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Camp Lejeune RCRA Program - SWMU 336 
PROJ. NO.: CTO-0 143 RORlNG NO . TWnC - - - - . . - - . . - - - - - . - - - - - . - . - . . m .. -- 
COORDINATES: EAST: 246521 8.160 NORTH: 3536112.95 -~ - . - - - - - -. - - - - - -. - - 
ELEVATION: SURFACE: TOP OF PVC CASING: 26.42 

Remarks: Sample ID is as follows: "SWMU336-TW05--", with the suffix shown below. I 

DRILLING CO.: Parratt-Wolff BAKER REP.: David D. Schilling 
DRILLER: Lewis LeFever BORING NO.: TWO5 SHEET 1 OF 2 



TEST BORING AND WELL CONSTRUCTION RECORD 

DRILLING CO.: Parratt- Wolff 
DRILLER: Lewis LeFever 

BAKER REP.: David D. Schilling 
BORING NO.: TWO5 SHEET 2 OF 2 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Camp Lejeune RCRA Program - SWMU 336 
PROJ. NO.: CTO-0143 BORING NO.: TWO6 
COORDINATES: EAST: 2465233.190 NORTH: 353693.58 
ELEVATION SURFACE: TOP OF PVC CASING: 27.09 

s=sa 
T = Shell 
R = Air 

D = Direct I- 
N : 

Sample 
Depth (Ft.) Type & 

No. 

1 
- 

2 - S- 1 
- 

3 - 
- 

4 4.0 
- 

5 
- 

6 - S-2 
- 

7 - 
- 

8 8.0 
- 

9 - 
- 

10 - S-3 

DRILLINGCO.: * 
DRILLER: Lewi - 

lPLE TYPE 
iple A = Auger 
y Tube W = Wash 
Lotary C = Core 
Push P= Pisto 

trace sand, orangish 
firm2 plastic, moist 

CLAY & SAND, brown, plasti 

BAKER REP.: David D. Schilling 
BORING NO.: TWO6 SHEET 1 OF 2 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Camp Lejeune RCRA Program - SWMU 336 
CTO NO.: CTO-0143 BORING NO.: TWO6 

I SAMPLE TYPE I DEFINITIONS 1 
S = Split Spoon A = Auger 
T = Shelby Tube W = Wash 
R = Air Rotary C = Core 

SPT = Standard Penetration Test (ASTIM Dl 586) 
PID = Photo Ionization Detector Measurement 
MSL = Mean Sea Level 

DRILLING CO.: Parratt-Wolff 
DRILLER: Lewis LeFever 

BAKER REP.: David D. Schilling 
BORING NO.: TWO6 SHEET2 OF 2 - 













BKR E PID (UEO) 
(02103 &el) 

ENGINEERS FIELD BORING LOG 1 BORING NO. 336-OW05 I 













BKR-E-~ ( ~ ~ 4 1  ENGINEERS FIELD BORING LOG 
(02105 Baker) BORING NO. 336-GWlO 



WELL CONSTRUCTION IRECORD 
North Carolina - Department of Environment and Natural Resources - Division of Water Quality - Groundwater Section 

WELL CONTRACTOR (INDIVIDUAL) NAME (print) LEWIS LEFWER CERTIFICATION # 24S0 

WELL CONTRACTOR COMPANY NAME PARmTT-WOLFF. INC. PHONE # 1919) 644-2814 

STATE WELL CONSTRUCTION PERMIT# ASSOCIATED WQ PERMIT# 
(if applicable) (if applicable) 

1. WELL USE (Check Applicable Box): Residential' MunicipallPublic Cl Industrial Cl .Agricultural 
Monitoring R l  Recovery I3 Heat Pump Water Injection 0 Other [f Other, List Use 

2. WELL LOCATION: . . TopographidLand setting 
Nearest Town: JACKSONVILLE C o ~ t y  ONSLOW ORidge OSlope Ovalley OFlat 
MARINE CORPS AIR STATION - CAMP LEJEUNE (check appropriate box) 

(Street Name, Numbers. Community, Subdivision, Lot No., Zip Code) Latit'udellongitude of well location 
N34 44.20'1~77 27.34' 

3. OWNER: us MARINE CORPS (dcgccshninuteslscconds) 
Address Latitudellongitude source:OGPS[1Topographic map 

(Street or Route No.) (check box) 
JACKSONVILLE NC 28547 DEPTH DRILLING LOG 

City or Town State Zip Code From To Formation Description 

7. STATIC WATER LEVEL Below Top of Casing: 8.0 FT. 
(Us "+" if  Above Top of Casing) 

8. TOP OF CASING IS 0 FT. Above Land Surface* 
'Top of casing terminated itlor below land surface requires a 
variance in accordance wlth 15A NCAC 2C .0118. 

9. YIELD (gpm): NIA METHOD OF TEST NIA 
10. WATER ZONES (depth): N/A 

LOCATION SKETCH 
1 1. DISINFECTION: Type .MIA Amount NlA Show direction and distance in miles from at least 
12. CASING: Wall Thickness two State Roads or County Roads. Include the road 

Depth Diameter or WeightlFt. Material numbers and common road names. 
SCH 40 From 0 To 8 Ft. 1" W C  

From To Ft.- - 
From To Ft. 

13. GROUT: Depth Material Method 
From 0 To 1 Ft. PORTLAND TREMIE 
From 1 To 6 Ft. BENTONITE TREMIE 

14. SCREEN: Depth Diameter Slot Size Material 
From 8 T' 18 Ft. 1 in. .010 in. PVC 
From To Ft. in,. in. 

15. SANDIGRAVEL PACK: 
Depth Size Material 

From 6 To 18 Ft. #I SAND 
From To Ft. 

16.. REMARKS: 336-PZl 

I DO HEREBY CERTIFY THAT THIS WELL WAS'CONSTRUCTED IN ACCORDANCE WITH 1SA NCAC 2C. WELL 
CONSTRUCTION STANDARDS, AND T W T  A COPY OF THISNCORD HAS BEEN PROVIDED TO THE WELL OWNER 

1 3-2-05 
SIGNATURE -SON CONSTRUCTING THE WELL DATE 

Submit the original to the Division of Water Quality, Groundwater Section, 1636 Mail Service Center - Raleigh, NC 
27699-1636 Phone No. (919) 733-3221, within 30 days. GW-1 REV. 0712001 



WELL CONSTRUCTION RECORD 

North Carolina - Department of Environment and Natural Resources - Division of Water Quality -  roundw water Section 
WELL CONTRACTOR (INDIVIDUAL) NAME (print) L~WlS LEFEVER CERTIFICATION # 2480 

WELL CONTRACTOR COMPANY NAME PARWTT-WOLFF. INC. PHONE # 1919) 844-2814 

STATE WELL CONSTRUCTION PERMIT# ASSOCIATED WQ PERMIT# 
(if applicable) (if applicable) 

1. WELL USE (Check Applicable Box): Residential MunicipalIPublic q Industrial q .Agricultural 0 
Monitoring 5 Recovery O Heat Pump Water Injection Other I f  Other, List Use 

2. WELL LOCATION: . . 
Nearest Town:. JACKSONVILLE County ONSLOW 
MARINE CORPS AIR STATION - CAMP LEJEUNE 

(Strea Name, Numbers, Community. Subdivision, Lot No., Zip Code) 

3. OWNER: US MARINE CORPS 
Address 

(Street or Route No.) 
JACKSONVILLE NC 28547 

City or Town State Zip Code - 
Area code- Phone number 

4. DATE DRILLED 2/7/05 
5.  TOTAL.DEPTH: 18.0' 
6. DOES WELL REPLACE EXISTING WELL? YES q NO Kl ~ 

7. STATIC WATER LEVEL Below Top of Casing: 8.0 FT. 
(Use "+" if Above Top of Casing) 

8. TOP OF CASING IS 0 FT. Above Land Surface* 
*Top ofcasing terminated ktlor below land cartwe requires a 

' variance In accordance with ISA NCAC 2C .0118. 
YIELD (gpm): WA METHOD OF TEST NIA 
WATER ZONES (depth): N/A 

DISINFECTION: Type< NIA Amount NIA 
CASING: Wall Thickness 

TopographicLand setting 
ORidge OSIope Ovalley OFlat 

(chcck appropriate box) 
Latitudellongitude of well location 

N34 4 4 2 ~ ~ 1 7 7  27.34' 
(dcgrrtslminutdscconds) 

Latituddlongitude sourct:UGPSOTopographic map 
(chcck box) 

DEPTH DRlLLING LOG 
From To Formation Description 

NO SAMPLES TAKEN 

LOCATION SKETCH 
Show direction and distance in miles from at least 
two State Roads or County Roads. Include the road 

Depth Diameter or WeightRt. Material numbers and common road names. 
From 0 To 8 Ft. 1" SCH 40 WC 
From To Ft. 
From To Ft. 

-13. GROUT: Depth Material Method 
From a TO 1 Ft. PORTLAND TREMIE 
From 1 To 6 Ft. BENTONITE TREMIE 

14. SCREEN: Depth . Diameter Slot Size Material 
From 8 TO- 18 Ft. 1 in. .010 in. PVC 
From To Ft. in. in. 

15. SANDIGRAVEL PACK: 
Depth Size Material 

From 6 ' To 18 Ft. #I SAND 
From . To Ft. 

16. REMARKS: 336-PUf  

CORDANCE WITH 15A NCAC 2C, WELL 
HAS BEEN PROVIDED TO THE WELL OWNER 

3 - 2 - d T  
STRUCTING THE WELL DATE 

Submit tbe original to the Division of  Water Quality, Groundwater Section, 1636 Mail Service Center - Raleigh, NC 
27699-1636 Pbone No. (919) 733-3221, within 30 days. GW-1 REV. 07/2001 



WELL CONSTRUCTION RECORD 
North,Carolina - Department of Environment and Natural Resources - Division' of Water Quality - Groundwater Section 
WELL CONTRACTOR (INDIVIDUAL) NAME (print) LEWIS LEFWER CERTIFICATION # 2480 

WELL CONTRACTOR COMPANY NAME PARRATT-WOLFF, INC. PHONE # (919) 844-2814 

STATE WELL CONmRUCTION PERMIT# ASSOCIATED WQ PERMIT# 
(if applicable) (if applicable) 

1. WELL USE (Check Applicable Box): Residential I7 Municipal/Public Industrial 0 . Agricultural q 
Monitoring El Recovery 0 Heat Pump Waterlnjection 0 Other 0 If Other, List Use 

2. WELL LOCATION: 
Newest T o m :  JACKSONVILLE 

T o p o g r a p h i c h d  setting 
County ONSLOW ORidge OSlope Ovalley OFlat 

MARINE CORPS AIR STATION - CAMP LEJEUNE (check appmprlate box) 
( S e t  Name, Numbers, Community, Subdivision, Lot No., Zip Code) LatitudeJlongitude of well location 

N34 4 4 . 2 ~ ~ 1 7 7  27.34' 
3. OWNER: us MARINE CORPS (degrecslminuteslseu,nds) 

Address Latituddongitude source:OGPSOTopographic map 
(Strect or Route No.) (check box) 

JACKSONVILLE NC 28547 DEPTH DRILLING LOG 
City or Town State 

, . Zip Code From To Formation Description 
u- 

Area code- Phone number NO SAMPLES TAKEN 
4. DATE DRILLED 2/7/05 
5. TOTAL DEPTH: 16.0' 
6. DOES WELL REPLACE EXISTING WELL? YES NO Kl 
7. STATlC WATER LEVEL Below Top of Casing: 6.0 FT. 

(Use "+" if Above Top of Casing) 
8. TOP OF CASING IS 0 FT. Above Land Surface* 

T o p  of casing terminated atlor below land surface requires a 
variance in accordance with 1SA NCAC 2C .OI 18. 

9. YIELD (gpm): NIA METHOD OF TEST NIA 
10. WATER ZONES (depth): N/A 

LOCATION SKETCH 
11. DISINFECTION: Type WA Amount NIA Show direction and distance in miles from at least 
12. CASING: Wall Thickness two State Roads or County Roads. Include the road 

Depth Diameter or WeightlFt. Material numbers and common road names. 
From 0 To 6 Ft. 1" SCH 40 wc 
From To Ft. 
From To Ft. 

13. GROUT: Depth Material Method 
From ' 0 To 1 Ft. PORTLAND TREMlE 
~ r o m  1 To 4 Ft. BENTONITE TREMIE 

14. SCREEN: Depth Diameter Slot Size Material 
From 6 To 16 Ft. 1 in. .010 in. PVC 
From To Ft. in. in. 

15. SAND/GRAVEL PACK: 
Depth Size Material 

From 4 To 16 Ft. #1 SAND 
From To Ft. , 

16. REMARKS: 336-Pm \Q 

I DO HEREBY CERTIFY THAT THIS WELL WAS CONSTRUCTED IN ACCORDANCE WITH ~ S A  NCAC 2c, WELL 
CONSTRUCTION STANDARDS, AJptD THAT A COPY: O&THIS RECORD HAS BEEN PROVIDED TO THE WELL OWNER 

3-2 - 0 5  . 

F PERSON CONSTRUCTING THE WELL DATE 

Submit the original to the Division of Water Quality, Groundwater Section, t636 Mail Service Center - Raleigh, NC 
27699-1636 Phone No. (919) 733-3221, within 30 days. GW-1 REV. 0712001 



Baker Environmental, Ine. 

APPENDIX B 

Chain-of-Custody Forms 





KATAHDIN PROJECT NUMBER 



340 Cwnty Road No. 5 
P.O. Box 720 
Westbrook, ME 04092 

CHAIN of CUSTODY 
Tel: (207) 874-2400 PLEASE BEAR DOWN AND 
Fax: (207) 775-4029 PRINT LEGIBLY IN PEN z i' Page r of L 

Client ! Phone # Fax # 
( q j 3  9- ) g;:j..(" 3y  ( 1 

Address .- /00 r.a;.hp I 

.-' THE TERMS AND CONDITIONS ON THE REVERSE SIDE HEREOF SHALL GOVERN 
SERVICES, EXCEPT WHEN A SIGNED CONTRACTUAL AGREEMENT EXISTS. c u g f ~ ~ ~ q  COPY '"1 



340 County Road No. 5 --CHAIN of CUSTODY - 

P.O. Box 720 
Westbrook, ME 04092 

PLEASE PRINT IN PEN Page l "5 

- H . . 
Address cib' y ; h  - i uf], state @ Zip Code ; I< : /~;t. ,,5 7 . - 

P I 
Purchase Order # Proj. Name 1 No. ?.-. fifh .. . . /' +.. .&.>Lr.:. j;~,:- : . , T<;$ Katahdin Quote # 

:-3 0 -1 t I 

SHIPPING INFO: 0 FED EX 

I 1 Relinquished@y: (~gns'ture) ' 1 .Date I lime I Received By: (Signature) I Relinquished By: (Signature) I Date I Time Received By: (Signature) I 
..=,.+- . 

..., :.:.;r&; 
,-.. 

~ e l i n ~ b s h e d  By: (Signature) 

-- 

.. . 
:.: . .. $i.: 4. ig.?.; -- 
~ a t e  I Time 

aMSOURCE INC. (207) 782-3311 
D R M  0 CHKOFCSTDY 

CUSTOMER 

I 

Received By: (Signature) 

-- I 

Relinquished By: (Signature) 
-- 
Date I Time Received By: (Signature) I 



c a m  of CUSTODY 
PLEASE BEAR DOWN AND 

PRINT LEGIBLY IN PEN $ 7  Page A of L 

0 

THE TERMS AND CONDITIONS GN THE REVERSE SIDE HEREOF SHALL GOVERN 
SERVICES, EXCEPT WHEN A SIGNED CONTRACTUAL AGREEMENT EXISTS. CUQTOMER copy As-COCl .. . :. .- . . . . 

-,-- 

Relinqu h d  &f~iijni+ue) Date I Time --fi:,-y&<:<<.-. I /-:..I . . 6 - . - / s  .:&%Pa 2s --*- 1. 
..1.- 

- BJ -%&& 
r' - 

helinquishe*k 

Received By: (Signature) 

Received By: (Sign'") 

Relinquished By: (Signature) 

Relinquished E3y: (Signature) 

Date I l ime 

-- 
Date I l ime 

Received By: (Signature) 

Received By: (Signature) 



CHAIN of CUSTODY. 

KATAHDIN PROJECT MANAGER 

SHIPPING INFO: 0 FED EX 

* Sample Description 

. ,K 

-3.#tQ$@ .. j 6?-& - 3 3 :x .x 
5,,*.J<\2 *5&2Y- 00 -3, 

-(?&/ . r i  2 2.. .% 

, \  Y 

'. 

COMMENTS 

. .. 

-- 

. / 
. / 

/ 
/ 
/ 
/ 
/ 
/ 
/ 

-- 

/ 
/ 

Relinquished ~$.@ignature) 
-, ;:. .? - 

-..I -,;,. ;... . .  4- 
.--,.: , . , ... ----.-A- <- :. 

..'- ~elin~uished By: (Signature) 

I -- - 

Date I Time 

-- 
Date I Time 

I 
'ORMSOURCE INC. W (207) 782-5511 
?ORM Y CHN-OFCSTDY 

CUSTOMER 

~- 

Received By: (Signature) 

Received By: (Signature) 

;-$Date I Time 

?'?,is 
Date / Time 

.. .. 

- 

Received By: (Signature) 

Received By: (Signature) 

Relinquished By: (Signature) 

Relinquished By: (Signature) 

* .. . 

. -. -. . 

. . -  . . 

- 

\'.... 
4- .. -.- 

~- 

. -... 
-..-. 

, --.. '.. 

..._ 

'.. 

'-; 

- 



,340 County 'Road No. 5 

Westbrook, ME 04092 
CHAIN of CUSTODY 

Te1: (207) 874-2400 

Relinquished By: (Signature) I Date I Time I Received By: (Signature) I Relinquished By: (Signature) I Date I Time I Received By: (Signature) 
..-+;- 

. I  , ' - -i=." - - / -  -- -- 
Relinquished By: (Signature) Date I Time Received By: (Signature) Relinquished By: (Signature) Date I Time Received By: (Signature) 

I - I -- -- 
'IN. '8 (207) 782.3311 

CSTDY CUSTOMER 



1 COMMENTS I 

340 County Road No. 5 
P.O. Box 720 
Westbrook. ME 04092 

CHAIN of CUSTODY 
Tel: (207) 874-2400 
Fax: (m 775-4029 ' PLEASE PRINT IN PEN Page .-, of ., 

Client , , J i . .  .rP- '" 

j - . : . . :~ k . . . ~  ):iA,.,,j %k,,.fi, ,,.!...; , ,, 

Contact 
, . .... Phone # Fax # 

. . 1 .  :(<:.: b5.: .., +. ( < , !  1 ..:.-- - :.:? :: 

Relinquished By: (Signature) 

, .  . , 

Relinquished By: (Signature) 

... . , , - -  

Date, I Time 
, . . 

'-A,.' -- 

I? : , 

'ORMSOURCE INC. U (207) 782.3311 
ZORM # CHN.OFCSTOY 

CUSTOMER 

Date / Time 

-- 

; ' I I (  ) 

Received By: (Signature) 

Address !,: ,,<, city i .:?3: ,Oz.. .q-- . *ad :&, State .. ,," Zip Code . ! : . 2 , . .. L, L!. ; .: ; ,:;J*:--. ,.;!, , , .:: t - "e- ? ; : / ... . 
Purchase Order # Proj. Name I No. ,. -7 ., , ,.> ..., I' Katahdin Quote # 

Received By: (Signature) 

Relinquished By: (Signature) 

Relinquished By: (Signature) 

Date I Time 

-- 

Received By: (Signature) 

Date I Time 

-- 

Received By: (Signature) 



340 County Road No. 5 
P.O. Box 720 
Westbrook. ME 04092 

CHAIN of CUSTODY 
Tel: (20'1) 874-2400 
Fax: (207) 775-4029 PLEASE PRINT IN PEN Page - f off 

Client , Cofiact Phone # Fax # 

Received By: (Signature) Relinquished By: (Signature) Date I Time Received By: (Signature) 

-- 
Received By: (Signature) Relinquished By: (Signature) Date I Time Received By: (Signature) 

1 I -- I 
WMSOURCE INC. P (207) 7883311 
W M  I CHN.OF.CSTDY 

CUSTOMER 



n LANDMARK' CHAINOF-CUSTODY RECORD 
LABORATORY & FIEU) S@RVKES DIVISION 

I 02511, 
I 667 W. Main St. Benton Harbor, MI 49023-1047 Phone: 616-927-3004 * Fax: 616-927-3411 WORK ORDER NO. I 

4 
Print Name 

~ o n n  FSlWl FielbTechnical Senricer Rev.04197 White: LAWMARK file copy Yellow Laboratory copy * Pink Oient copy 



LAND-)<' CHAIN-OF-CUSTODY RECORD 
LABORATORY a WlD SERVKEP DlVlSlOR 

I 
32512 

667 W. Main St. Benton Harbor, MI 49023-1047 Phone: 616-927-3004 Fax: 616-927-3411 WORK ORDER NO. 

4 
Rint Name 

Form FSlOOl Field-Technical Services Rev.04E97 White: LAlYDlMARK file copy Yellow laboratory copy Pink: Client copy 







n LANDMARK' CHAIN-OF-CUSTODY RECORD 
LABORAlORY L FllLD SERWM DIVISION 

I 
02515 

I 667 W. Main St. Benton Harbor, MI 49023-1047 Phone: 616-927-3004 Fax: 616-927-3411 WORK ORDER NO. I 

Dndude matrix and point of sample) 

~ o r m  FSlOOl Field-Technical S e ~ c e s  Rev.0497 White: LANDMARK file cop Yellow: hbrdtory copy Pink: Client copy 





I 'ON U3010 XMOM LIE-LZ6-919 :xed PWE-LZ6-919 :auo4d LWl-EZO6B IW 'JoclJeH uoluJ8 75 u!eW 'M L99 1 



C_ 

a LANDMARK' ~~AIN-OF-CUSTODY RECORD 
WORATORV L FIELD SERVIBS DIVISIOIY 02518 

I 667 W. Main St. Benton Harbor, MI 49023-1047 Phone: 616-927-3004 Fax: 616-927-3411 WORK ORDER NO. 



I 'ON 13PYO XlOM I 



I 667 W. Main St. Benton Harbor, MI 49023-1047 Phone: 616-927-3004 Fax: 616-927-3411 WORK ORDER NO. I 



I 'ON Wall0 YNOM LLbPLZ6-919 :xei WOE-fZ6-919 :auor(d fbOL-EZ06b IW 'JoqJeH UoWag '1s U!eW 'M Lg9 I 



n LANDMARK' CHAIN-OF-CUSTODY RECORD 
LABORATORY & PIEID SERVICES D M S l O N  02522 

I 
I 667 W. Main St. Benton Harbor, MI 49023-1047 Phone: 616-927-3004 Fax: 616-927-341 1 WORK ORDER NO. I 

Project Name 
Due Date: 

Project No. 

b /c/ f{9 
/ 

Projea Telephone No. 0 

Number Rush 

Projea Fax No. of 
Containen 

0 
0 
z Sample 

Number Date Time 
e 
Q 

S N M ~  31% L,. , I 

G W L ~ ~  -01 />/a< ~ L S  .- 

LW 4% - oz J 97 
' .J 

6WLJF; 

$ u 

J 

5 .SUN< 11% 
6d S - o \  I / 

31% 

Sample Description Standard 
(Indude matrixand point of sample) Remark 

31 

k '  
tk7 - 

v 

&W 35 -9-L $5 L-' v' 3 1; 

513?,5 - 0 I J I k' G y 
-.+ / /- 

I k/ 

Form FSlOOl Field-Technical Services Rev.04/97 White: U N M A R K  file copy * Yellow: Laborator/ copy Pink: Cllent copy 



'ON 80MO YMOM LLVE-LZ6-919 :xed V00E-LZ6-919 :auol(d LWL-EZ06b IN 'JoqJeH UoJuaa .IS u!eW 'M L99 



n 
a LANDMARK CHAIN-OF-CUSTODY RECORD - 

LABORATORY & SlELD SERVICES DlYLIlOlY 

I 
92524 

667 W. Main St. Benton Harbor, MI 49023-1047 Phone: 616927-3004 Fax: 616-927-341 1 WORK ORDER NO. 

4 
Print Name 

~orm FS1001 Field-Technical Sewices Rev.04197 White LANDMARK file copy * Yellow: Laboratory copy Pink: Client copy 



n LANDMARK' CHAIN-OF-CUSTODY RECORD 
UBORArORY & PleLD SERYICeS DIVISION 

I 
02525 

I 667 W. Main St. Benton Harbor, MI 49023-1047 Phone: 616-927-3004 Fax: 616-927-3411 WORK ORDER NO. I 

Form RlOOl Fiel6Technical Services Rw.OP197 WMe. LANDMARK file copy Yellow: Laboratory copy * pink Uient copy 







n 
LANDMARK' CHAIN-OF-CUSTODY RECORD 
LABORATORY & F l u  S E R V l W  DlVlUON 

t 92528 
I 667 W. Main St. Benton Harbor, MI 49023-1047 Phone: 616-927-3004 Fax: 616927-3411 WORK ORDER NO. I 

Roject Name 
c'&Hp _ Ll-0 '0051 I ?C ( i b  L; \S(hfi)E, 

Project Location 
Due Date: 

Roject No. 

Sfi7%-00 11~15 J 

wrn 61001 Field-Technical Services Rev.04197 White: LANDMARK file copy Y&w Laboratory copy * Pink: Client copy 

0 
Rurh 

0 
Standard 

Clt6ntlProject Contact 

Number 
of 

Containen 

Remarks 

Projed Telephone No. 

'aL\<frr /& sfit 
i 

I 
C 

Projed Fax No. 

J 
J 
J 

3 
i 
1 

2 

3 

oa/a  - /34; 
I 

/.// ; 
I I L.' 

/L// 
4W*" 319- 

sample 
N " m V  

5~Mt.4 3ie. 
5 ~ ~ s - c > o  

5 b ~ U  31%- 
5625 -02 

~ W * Y  - 1 1 8 .  
L ~ L ;  -oq 

7 
%j- 

h e  

p r o  

10 25 

\ 0 9  

6 1 Sample DedpUan 
(Indude matrix and paintof sample) 

J 
d 



Baker Environmental, Znc. 

APPENDIX C 

Data Validation Report 



e*data, inc. 
Environmental Data Management 
& Chemistry Consulting Services 

August 9,2005 

Adrienne Jones 
CH2M HILL, Inc. 
5700 Cleveland Ave, Suite 101 
Virginia Beach, VA 23462 

Subject: Data Validation Report for MCB Camp Lejeune, Jacksonville, North Carolina. 
Contract No. N62470-02-D-3052, CTO#0091 

Dear Ms. Jones, 

Enclosed is the revised data validation package of CTO #0091, MCB Camp Lejeune, Jacksonville, North 
Carolina samples. A correction to the text describing the type of sampling matrix from sediment and fish 
tissue to soil and groundwater. This report addresses 6 data packages and EDDs, which included Sample 
Delivery Group Nos. CT0091-1, CT0091-2, CT0091-3, CT0091-4, CT0091-5, and CT0091-6. 

Please call me at (919) 829-3571 if you have any questions or need additional information. 

Sincerely, 

E-Data, Inc. 

Christopher Ohland 
Senior Environmental Chemist 

Enclosures 
CMOIkk 

213 Oberlin Road, Carriage House Tel: (9 19) 829-357 1 
Raleigh, North Carolina 27605 Fax: (603) 947-625 1 

chris.ohlandOedatainc.biz 



Data Validation Report 
RFls at SWMU 3031318 and 336 

MCB Camp Lejeune 
Jacksonville, North Carolina 

August 9,2005 
Revision 2 

Prepared For CHPMHILL 
Navy CLEAN II Prime Contract No. 

N62470-02-D-3052, CTO#0091 

Prepared by E-Data, Inc. 
213 Oberlin Road, 
Carriage House 

Raleigh, North Carolina 27605 



Acronyms and Abbreviations 

AA Atomic Absorption 

AOB Analytical Operations Branch 

APO Administrative Project Officer 

BFB Bromofluorobenzene 

BNA Base-neutrallacid 

CCB Continuing Calibration Blank 

CCV Continuing Calibration Verification 

CF Calibration Factor 

CLP Contract Laboratory Program 

COC Chain-of-Custody 

CRDL Contract Required Detection Limit 

CRQL Contract Required Quantitation Limit 

CV Coefficient of Variation 

%D Percent Difference 

DFTPP Decafluorotriphenylphosphine 

DQO Data Quality Objective 

DV Data Validation 

DUP Duplicate 

ECD Electron Capture Detector 

EICP Extracted Ion Current Profile 

EPA Environmental Protection Agency 

GC Gas Chromatography 

GSIMS Gas ChromatographyIMass 
Spectroscopy 

GPC Gel Permeation Chromatography 

ICB Initial Calibration Blank 

ICP Inductively Coupled Plasma 

ICS Inter-element Check Sample 

ICV Initial Calibration Verification 

IDL Instrument Detection Limit 

IS Internal Standard 

LCS Laboratory Control Sample 

MDL Method Detection Limit 

mL Milliliter 

MS Matrix Spike 

MSD Matrix Spike Duplicate 

MSA Method of Standard Addition 

mlz the ration of mass (m) to charge (z) of 
ions measured by GCIMS 

NFG Nation Functional Guidelines 

PB Preparation Blank 

PCB Polychlorinated Biphenyl 

PEST Pesticides 

QA Quality Assurance 

QAPP Quality Assurance Program Project (or 
Project) Plan 

QC Quality Control 

OAR Percent Recovery of Spiked Amounts of 
Analytes 

RIC Reconstructed Ion Chromatogram 

RL Reporting Limits 

RPD Relative Percent Difference 

RRF Relative Response Factor 

RSD Relative Standard Deviation 

RT Retention Time 

SDG Sample Delivery Group 

SMC System Monitoring Compound 

I SOW Scope of Work 

SVOC Semi Volatile Organic Compound 

TAL Target Analyte List 

TCL Target Compound List 

TIC Tentatively Identified Compound 

VOC Volatile Organic Compound 



Overview 
The U.S Department of the Navy issued a task order to conduct sampling and analysis activities 
at MCB Camp Lejeune,Jacksonville NC under the Navy Clean Prime Contract No. N62470-02- 
D-3052, CTO#0091. This report describes the validation of analytical data generated under this 
scope of work. E-Data Inc., located in Raleigh, NC provided the data validation services. 

Field teams collected soil and groundwater environmental samples and associated field quality 
control samples between February 2 and 19,2005. Environmental samples were taken at 73 
unique field locations. A summary of the samples collected is shown in Table 1. Field quality 
control samples including 7 field duplicate samples, 5 equipment rinse blank, 3 field blank, and 
6 trip blank sample were also submitted to the laboratory. The laboratory prepared 
project-specific samples for matrix spike/matrix spike duplicate (MS/MSD) analyses. 

TABLE 1 
Sample Cross-Reference Summary 
(MCB Camp Lejeune) 

Lab ID No. 

WVO505-5 
WVO528-6 
WV0589- 1 
WVO589-2 
WVO758-8 
WVO749-1 
WVO749-2 
WVO749-3 

Field Sample ID No. 

ER01-020205 

Type of Sample 
Eq. Rinse 
Eq. Rinse 
Eq. Rinse 
Eq. Rinse 
Eq. Rinse 
Field Blank 
Field Blank 
Field Blank 

Field Dup. 
Field Dup. 
Field Dup. 
Field Dup. 
Field Dup. 
Field Dup. 
Field Dup. 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 

Sampled 
02/02/05 
02/04/05 
02/06/05 
02/08/05 
02/20/05 
0211 8/05 
0211 8/05 
02/18/05 



TABLE 1 
Sample Cross-Reference Summary 
(MCB Camp Lejeune) 

Lab ID No. 

WV0528-3 
WVO528-5 
WVO528-2 
WVO505-3 
WVO578-3 
WVO578-2 
WVO505-7 
WVO505-6 
WVO505-2 
WV0578-4 

Field Sample ID No. 

SWMU318-GW32 
SWMU318-GW33 
SWMU318-GW33-01 
SW MU31 8-GW34 
SWMU318-GW35 
SWMU318-GW35-01 
SWMU318-GW36 
SWMU318-GW37 
SWMU318-GW38 
SWMU318-GW51-01 
SWMU318-MW04DW- 
05A 
SWMU318-MW05DW- 
05A 
SWMU318-MW06-05A 
SWMU318-MW06DW- 
05A 
SWMU318-MW07-05A 
SWMU318-MW08-05A 
SWMU318-SB14-02 
SWMU318-SB14-03 
SWMU318-SB15-01 
SWMU318-SB15-03 
SWMU318-SB16-00 
SWMU318-SB16-02 
SWMU318-SB17-02 
SWMU318-SB17-03 
SWMU318-SB18-01 
SWMU318-SB18-02 
SWMU318-SB18-03 
SWMU318-SB19-00 
SWMU318-SB19-05 
SWMU318-SB20-00 
SWMU318-SB20-02 
SWMU318-SB20-04 
SWMU318-SB21-00 
SWMU318-SB21-02 
SWMU318-SB21-04 
SWMU318-SB22-03 
SWMU318-SB22-04 
SWMU318-SB23-00 
SWMU318-SB23-02 
SWMU318-SB23-02 
SWMU318-SB23-04 
SWMU318-SB24-00 

Type of Sample 

Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 

Normal 

Normal 
Normal 

Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 

Sampled 

02/03/05 
02/04/05 
02/04/05 
02/02/05 
02/05/05 
02/05/05 
02/03/05 
02/03/05 
02/02/05 
02/07/05 



TABLE 1 
Sample Cross-Reference Summary 
(MCB Camp Lejeune) 

Lab ID No. Field Sample ID No. Type of Sample Sampled 

Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Trip Blank 
Trip Blank 
Trip Blank 
Trip Blank 
Trip Blank 
Trip Blank 

Samples were delivered to Katahdin Analytical Services located in Westbrook, ME for analytical 
testing. Katahdin performed analytical tests for this scope of work including trace level volatile 
organic analyses, semi-volatile, and metals. Wet Chemisty tests including total organic carbon 
and methane/ethane/ethane were not validated under this scope of work. All analyses were 
conducted at the Westbrook facility, except the methane/ethane/ethane, which were lower tier 
subcontracted to Air Toxics Limited in Folsom California. 

After laboratory analyses were completed and reviewed, Katahdin assembled hardcopy data 
packages and electronic data deliverables (EDD), which was delivered to CH2MHILL Inc., 
office located in Virginia Beach, VA office and forwarded to E-Data. Katahdin provided six data 
packages and EDDs, which included Sample Delivery Group ID Nos. CT0091-1, CT0091-2, 
CT0091-3, CT0091-4, CT0091-5, and CT0091-6. 

Data validation was conducted as described in the USEPA National Laboratory Functional 
Guidelines for Organic Data Review and USEPA Region 3 Modifications to the Functional 
Guidelines. A copy of the project chain-of-custody forms and laboratory reports with data 
qualifiers applied as a result of data validation are provided in Appendix A. Appendix B 
contains results of all tentatively identified compounds. Appendix C contains copies of the 
completed checklists used to document the data validation effort. 



Summary of Sample Analyses 

Hardcopy Data Packages 
Project completeness is calculated at 100 percent (7478 valid results of 7478 total results) of the 
laboratory data undergoing data validation. No major issues were identified as a result of data 
validation. Minor issues are described below. Project data qualifiers are added to the laboratory 
reports. A list of project data qualifiers is shown in Table 2. 

TABLE 2 
List of Project Qualifiers 
(MCB Camp Lejeune) 

Qualifier Description 
[none] The analyte was positively identified. 

J The analyte was positively identified; however, the concentration value is an estimate. Also 
used if a result was measured at a concentration below the Contract Required Quantification 
Limit (CRQL) or Contract Required Detection Limit (CRDL). 

UJ The analyte was analyzed for, but not detected; however, the concentration value is an estimate. 

U The analyte was analyzed for, but not detected. 

Field samples are qualified for the introduction of contaminants resulting from laboratory and 
field activities as measured in the laboratory method blank, equipment rinse blank, field blank, 
and trip blank audit samples. Equipment rinse blank, field blank, and trip blank audit samples 
are not qualified. 

A summary of all qualified results is shown on Table D-1 (Appendix D). 

Electronic Data Deliverable 
The sample results were verified by comparing the results to the validated laboratory Form 1's. 
Table E-1 (Appendix E) summarizes the 8047 sample results that were verified. 



Major Technical Issues 
No major technical issues were identified. 

Minor Technical Issues 

Volatile Organic Analyses (SDG CT0091-1) 
Chain of Custody and Sample Login 
No deficiencies noted during the review. 

Surrogate Recoveries 
All surrogate recoveries were acceptable, except sample WV05148. Two of the three surrogates 
recovered below the lower control limit. A re-analysis and matrix spike duplicate analysis was 
performed with similar results. The results for this sample are qualified as estimates and 
flagged "J" if detected and "UJ" if non-detected. The re-analysis is redundant is therefore is 
qualified as rejected and flagged "R." 

Matrix Spike 
Matrix spike and matrix spike duplicate analysis was performed on sample WV0514-8. 
Acceptable accuracy objectives were met. 

Laboratory Control Samples 
Laboratory control samples were analyzed with acceptable accuracy objectives. 

Method and Field Blanks 
Trace levels of volatile organics were detected in one or more field, trip, equipment, or 
laboratory method blank analysis. Action levels were calculated using the 5X and 10X Rule. 
Sample results less than the calculated action level are qualified as non-detected and flagged 
"U." The following action levels were applied: Methylene Chloride (130 ug/Kg), 2- 
hexanone lo), toluene (lo), and 1,2,4trichlorobenzene (5). 

Field Duplicate 
Field duplicate samples were collected and analyses were performed using field sample pair 
WV0514 8 and WV0579-1. Sample concentrations are less than the reporting limit. Acceptable 
field duplicate precision objectives were obtained. 

Calibrations 
All initial and continuing calibrations were within acceptable control limits, except for acetone 
and methylene chloride. Sample results for methylene chloride were previously qualified for 
blank contamination and flagged "U." All acetone results detected at concentrations greater 
than the reporting limit are qualified as estimated and flagged "J." 

Internal Standard Recovery 
All internal standard spike recoveries were acceptable. 

Reporting Limits 
Nominal reporting limits were achieved. 



Volatile Organic Analyses (SDG CT0091-2) 
Chain of Custody and Sample Login 
No deficiencies noted during the review. 

Surrogate Recoveries 
Surrogate recoveries were within acceptable QC limits. 

Matrix Spike 
Matrix spike and matrix spike duplicate analysis was performed on sample WV0758-1. 
Acceptable accuracy and precision objectives were met. 

Laboratory Control Samples 
Laboratory control samples were analyzed with acceptable accuracy objectives. 

Method and Field Blanks 
Trace levels of volatile organics were detected in one or more field, trip, equipment, or 
laboratory method blank analysis. Action levels were calculated using the 5X and 10X Rule. 
Sample results less than the calculated action level are qualified as non-detected and 
flagged "U." The following action levels were applied: Methylene Chloride (50 ug/L), 
toluene (lo), and 1,2,4-trichlorobenzene (5). 

Field Duplicate 
Field duplicate samples were collected and analyses were performed using field sample pair 
WV0758 6 and WV0758-7. Sample concentrations are less than the reporting limit. Acceptable 
field duplicate precision objectives were obtained. 

Calibrations 
Minor calibration deficiencies were observed for compounds that were not detected in the 
associated field samples. No action was taken to qualify the sample results. 

Internal Standard Recovery 
Internal standard spike recoveries were acceptable. 

Reporting Limits 
Nominal reporting limits were achieved. 

Volatile Organic Analyses (SDG CT0091-5) 
Chain of Custody and Sample Login 
There are no deficiencies noted during the review. 

Surrogate Recoveries 
Surrogate recoveries were within acceptable QC limits. 

Matrix Spike 
A matrix spike and matrix spike duplicate analysis was performed on sample WV0749-6. 
Acceptable accuracy and precision objectives were met. 

Laboratory Control Samples 
Laboratory control samples were analyzed with acceptable accuracy objectives. 



Method and Field Blanks 
Trace levels of volatile organics were detected in one or more field, trip, equipment, or 
laboratory method blank analysis. Action levels were calculated using the 5X and 10X Rule. 
Sample results less than the calculated action level are qualified as non-detected and 
flagged "U." The following action levels were applied: Methylene Chloride (30 ug/L), 
toluene (lo), and 1,2,4-trichlorobenzene (5). 

Field Duplicate 
Field duplicate samples were not collected and analyses using field samples assigned to the 
SDG grouping. An assessment of this QC type could not be completed. 

Calibrations 
Minor calibration deficiencies were observed for compounds that were not detected in the 
associated field samples. No action was taken to qualify the sample results. 

Internal Standard Recovery 
Internal standard spike recoveries were acceptable. 

Reporting Limits 
Nominal reporting limits were achieved. 

Semivolatile Organic Analyses (SDG CT0091-3) 
Sample Holding Times, Preservations, and Receipt 
No deficiencies were noted during the review. 

Surrogate Recovery 
Surrogate recoveries are within the acceptable control limits. 

Matrix Spike 
A matrix spike and matrix spike duplicate analysis was requested with samples assigned to this 
SDG grouping. Laboratory control samples were assigned to the extraction batches. An 
assessment of this QC type could not be performed. 

Laboratory Control Sample 
A laboratory control sample and duplicate analysis was assigned to sample extraction batches 
that did not contain project specific matrix spike analyses. All laboratory control samples 
demonstrated acceptable accuracy and precision objectives. 

Blanks 
Trace levels of di-n-butyl phthalate were measured in one of the method blanks. All equipment 
blanks were absent target analytes. Action levels were determined based on the 10X Rule. 
Sample results less than the action level were qualified as non-detected and flagged "U." The 
following action levels were applied: di-n-butyl phthalate (900 mk/Kg). Note that this 
compound was not detected in any of the associated field samples. 

Field Duplicate 
Field duplicate samples were not collected and analyses with samples assigned to this SDG 
grouping. An assessment of this QC type could not be performed. 



Calibrations 
Minor calibration deficiencies were observed for compounds that were not detected in the 
associated field samples. No action was taken to qualify the sample results. 

Quantifications 
Manual quantifications were performed on one or more of the process files associated with this 
SDG. 

Internal Standards 
Internal standard areas were within acceptable QC limits. 

Reporting Limits 
Nominal reporting limits were achieved for all samples. 

Semivolatile Organic Analyses (SDG CT0091-2) 
Sample Holding Times, Preservations, and Receipt 
No deficiencies were noted during the review. 

Surrogate Recovery 
Surrogate recoveries are within the acceptable control limits except for sample WV0578-3 where 
one of the eight surrogates exceeds the upper control limit. An analysis using a diluted aliquot 
was performed with acceptable surrogate recoveries, indicating possible matrix interference. No 
action was taken to quallfy the sample result. 

Matrix Spike 
Matrix spike and matrix spike duplicate analysis was ot requested with samples assigned to this 
SDG grouping. Laboratory control samples were prepared for the extraction batch. An 
assessment of this QC type could not be performed. 

Laboratory Control Spike 
Laboratory control sample and duplicate analysis were performed with the two separate 
extraction batches. Acceptable accuracy and precision objectives were met, except the 4- 
nitrophenol recoveries associated with field sample WV0578-3. These recoveries were greater 
than the upper control limit. Sample WV0578-3 does not contain Pnitrophenol. 

Blanks 
Laboratory method and equipment blanks were absent target analytes. 

Field Duplicate 
Field duplicate samples were not collected and analyses with samples assigned to this SDG 
group. An assessment of this QC type could not be performed. 

Calibrations 
Minor calibration deficiencies were observed for compounds that were not detected in the 
associated field samples, except 2,Cdimethylphenol which is detected above the reporting limit 
in samples WV0505-6, WV0578-3, and WV0578-3DL. The sample result for WV0578-3 exceeds 
the calibration range and is not reported. The results for WV0505-6 and WV0578-3DL are 
qualified as estimated and flagged "J." 



Quantifications 
Manual quantifications were performed on one or more of the process files associated with this 
SDG. 

Internal Standards 
Internal standard areas were within acceptable QC limits. 

Reporting Limits 
Nominal reporting limits were achieved for all samples. 

Semivolatile Organic Analyses (SDG CT0091-3) 
Sample Holding Times, Preservations, and Receipt 
No deficiencies were noted during the review. 

Surrogate Recovery 
Surrogate recoveries are within the acceptable control limits. 

Matrix Spike 
Matrix spike and matrix spike duplicate analysis was performed using samples WV0580-2 and 
WV0580-6. Accuracy and precision objectives were met except for pentachlorophenol and 54- 
dinitrotoluene, which were recovered above the upper control limit in one or more analyses. 
These compounds were not detected in the associated field samples and no action was taken to 
qualify the sample results. 

Blanks 
Trace levels of di-n-butyl phthalate were measured in one of the method blanks. All equipment 
blanks were absent target analytes. Action levels were determined based on the 10X Rule. 
Sample results less than the action level were qualified as non-detected and flagged "U." The 
following action levels were applied: di-n-butyl phthalate (900 mk/Kg). Note that this 
compound was not detected in any of the associated field samples. 

Field Duplicate 
Field duplicate samples were collected and analyzed using field sample pairs WV0580-I& 
WV0579-2; WV0580-2 & WV0580-3; WV0580-4 & W0580-5; and WV0580-6 & WV0580-7. All 
analyses were absent target analytes. Precision objectives were met and no qualification of the 
data was required. 

Calibrations 
Minor calibration deficiencies were observed for compounds that were not detected in the 
associated field samples. No action was taken to qualify the sample results. 

Quantifications 
Manual quantifications were performed on one or more of the process files associated with this 
SDG. 

Internal Standards 
Internal standard areas were within acceptable QC limits. 

Reporting Limits 
Nominal reporting limits were achieved for all samples. 



Semivolatile Organic Analyses (SDG CT0091-4) 
Sample Holding Times, Preservations, and Receipt 
No deficiencies were noted during the review. 

Surrogate Recovery 
Surrogate recoveries are within the acceptable control limits. 

Matrix Spike 
Matrix spike and matrix spike duplicate analysis was requested with samples assigned to this 
SDG grouping. An assessment of this QC type could not be performed. 

Laboratory Control Sample 
Laboratory control sample analysis was assigned to the extraction batch containing work orders 
WV0580 and WV0581. Acceptable accuracy objectives were reported. 

Blanks 
Laboratory method and equipment blanks were absent target analytes. 

Field Duplicate 
Field duplicate samples were collected and analyzed using field sample pairs WV0581-2 & 
WV0581-3. The analyses were absent target analytes. Precision objectives were met and no 
qualification of the data was required. 

Calibrations 
Minor calibration deficiencies were observed for compounds that were not detected in the 
associated field samples. No action was taken to qualify the sample results. 

Quantifications 
Manual quantifications were performed on one or more of the process files associated with this 
SDG. 

Internal Standards 
Internal standard areas were within acceptable QC limits. 

Reporting Limits 
Nominal reporting limits were achieved for all samples. 

Semivolatile Organic Analyses (SDG CT0091=5) 
Sample Holding Times, Preservations, and Receipt 
No deficiencies were noted during the review. 

Surrogate Recovery 
Surrogate recoveries are within the acceptable control limits. 

Matrix Spike 
A matrix spike and matrix spike duplicate analysis was performed using field sample 
WV0749-6. Laboratory control samples were also prepared with this extraction batch. 
Recoveries for pentachlorophenol and 4-nitrophenol were greater than the upper control limit. 
Similar results were observed with the laboratory control sample. Calibration deficiencies were 
also noted which may be the source of the measurement error. No action was taken to qualify 
the non-detected results. 



Laboratory Control Spike 
Laboratory control sample and duplicate analysis were performed with the two separate 
extraction batches. Acceptable accuracy and precision objectives were met, except the 4- 
nitrophenol recoveries associated with field sample WV0589-1 and WV0589-2 and 
pentachlorophenol recoveries associated with work order WV0749. These recoveries were 
greater than the upper control limit. Neither compound was detected in any of the associated 
field sample. No action was taken to qualify the sample results. 

Blanks 
Laboratory method and equipment blanks were absent target analytes. 

Field Duplicate 
Field duplicate samples were not collected and analyses with samples assigned to this SDG 
grouping. An assessment of this QC type could not be performed. 

Calibrations 
Minor calibration deficiencies were observed for compounds that were not detected in the 
associated field samples. 

Quantifications 
Manual quantifications were performed on one or more of the process files associated with this 
SDG. 

Internal Standards 
Internal standard areas were within acceptable QC limits. 

Reporting Limits 
Nominal reporting limits were achieved for all samples. 

Semivolatile Organic Analyses (SDG CT0091-6) 
Sample Holding Times, Preservations, and Receipt 
No deficiencies were noted during the review. 

Surrogate Recovery 
Surrogate recoveries are within the acceptable control limits. 

Matrix Spike 
Matrix spike and matrix spike duplicate analysis was performed using field sample WV0758-1. 
Laboratory control samples were also prepared with this extraction batch. Recoveries for 
pentachlorophenol and 4-nitrophenol were greater than the upper control limit. Similar results 
were observed with the laboratory control sample. Calibration deficiencies were also noted 
which may be the source of the measurement error. No action was taken to qualify the non- 
detected results. 

Laboratory Control Spike 
Laboratory control sample and duplicate analysis were performed with the two separate 
extraction batches. Acceptable accuracy and precision objectives were met, except the 4- 
nitrophenol and pentachlorophenol recoveries associated with work order WV0758. These 
recoveries were greater than the upper control limit. Neither compound was detected in any of 
the associated field sample. No action was taken to qualify the sample results. 



Blanks 
Laboratory method and equipment blanks were absent target analytes. 

Field Duplicate 
Field duplicate samples were collected and analyses with field pair samples WV0758-6 and 
WV0758-7. The field duplicate pairs were absent of target analytes. Field precision objectives 
were achieved. 

Calibrations 
Minor calibration deficiencies were observed for compounds that were not detected in the 
associated field samples. No action was taken to qualify the sample results. 

Quantifications 
Manual quantifications were performed on one or more of the process files associated with this 
SDG. 

Internal Standards 
Internal standard areas were within acceptable QC limits. 

Reporting Limits 
Nominal reporting limits were achieved for all samples. 

Metal Analyses (SDG CT0091-1) 
Sample Receipt and Preservation 
Samples were received intact and in good condition, except Sample WV0581-3 was not listed on 
the Chain of Custody form received from the field. The laboratory was instructed to perform 
the metals analyses. 

Calibrations 
Calibrations were within acceptable limits for the reported measurements. 

Trace Level Checks 
Trace level check recovered within acceptable QC limit. Note that barium is not included in the 
check solutions. 

Blank Contaminants 
Trace levels of metals were present in one or more instrument initial calibration blank, 
continuing calibration blank, preparation blank, and field QC blank analyses. Action levels 
were determined based on the 5X rule. Sample results less than the action levels are qualified as 
non-detected and flagged "U." The following action levels were applied (mg/Kg): As (90), Ba 
(1.1), Cd (0.62), Cr (3.2), Pb (3.0), Hg (0.13), Se (8.4), and Ag (4.8). 

ICP Interference Check Sample 
Interference check samples were analyzed within acceptable control limits. 

Laboratory Control Sample 
Laboratory control samples were analyzed within acceptable control limits, except a single run 
for mercury. The laboratory control sample for mercury was analyzed at the beginning and 
through out the analytical sequence. The initial analysis exceeds the upper control limit while 
the remaining are acceptable. Biases resulting from mercury blank measurements are greater 



than the laboratory control sample error and no action was taken to qualify the data. See 
discussion on blank contaminants. 

Field Duplicate 
A field duplicate sample was collected and analyzed with field sample pair WV0581-2 and 
WV0581-3. Acceptable field precision objectives were achieved. 

Matrix Spike and Laboratory Duplicates 
Matrix spike and laboratory duplicate samples were collected and analyzed using samples 
WV0514-1 and WV0581-2. Acceptable project accuracy and precision objectives were met, 
except the arsenic result for sample WV0581-2. For sample WV0581-2, arsenic was fortified at 
concentrations less than four times the native concentrations and the recovery data is 
inconclusive. No action was taken to quallfy sample WV0581-2 results. 

Serial Dilutions 
Serial dilution analyses were performed using field sample WV0514-1 and WV0581-2. 
Acceptable results were obtained for all analyses, except the selenium result for sample 
WV0581-2. This result was previously qualified as non-detected and flagged "U." 

Metal Analyses (SDG CT0091-2) 
Sample Receipt and Preservation 
Samples were received intact and in good condition. 

Calibrations 
Calibrations were within acceptable limits for the reported measurements. 

Trace Level Checks 
Trace level check recovered within acceptable QC limit, except marginal excursions for 
selenium and lead. Note that barium is not included in the check solutions. No action was taken 
to qualify the sample results for low level recovery checks. 

Blank Contaminants 
Trace levels of metals were present in one or more instrument initial calibration blank, 
continuing calibration blank, preparation blank, and field QC blank analyses. Action levels 
were determined based on the 5X rule. Sample results less than the action levels are qualified as 
non-detected and flagged "U." The following action levels were applied (mg/L): As (24.5), 
Ba (5.5), Cd (3.1)) Cr (16), Pb (15), Hg (0.25), Se (42), and Ag (24). 

ICP Interference Check Sample 
Interference check samples were analyzed within acceptable control limits. 

Laboratory Control Sample 
Laboratory control samples were analyzed within acceptable control limits, except a single 
mercury analysis affecting samples included in SDG grouping CT0091-6. The associated 
mercury measurements have been previously qualified for blank contaminants. No additional 
action is needed to qualify the sample results. 

Field Duplicate 
Field duplicate sample were not collected field sample assigned to this SDG group. An 
assessment of this QC type could not be completed. 



Matrix Spike and Laboratory Duplicates 
Matrix spike and laboratory duplicate samples were collected and analyzed using field samples 
WV0749 6, WV0749-12 (Hg only) and WV0758-1. Acceptable project precision objectives were 
met but not all accuracy objectives were achieved. For sample WV0758 1, the recovery of 
mercury and selenium lay above the upper control limit. No action was taken to qualify the 
non-detected results. 

Serial Dilutions 
Serial dilution analyses were performed using field sample WV0749-6 and WV0758-1. 
Acceptable results were obtained for all analyses. 

Metal Analyses (SDG CT0091-3) 
Sample Receipt and Preservation 
Samples were received intact and in good condition. 

Calibrations 
Calibrations were within acceptable limits for the reported measurements. 

Trace Level Checks 
Trace level check recovered within acceptable QC limit. Note that barium is not included in the 
check solutions. 

Blank Contaminants 
Trace levels of metals were present in one or more instrument initial calibration blank, 
continuing calibration blank, preparation blank, and field QC blank analyses. Action levels 
were determined based on the 5X rule. Sample results less than the action levels are qualified as 
non-detected and flagged "U." The following action levels were applied (mg/Kg): As (4.9), 
Ba (1.1), Cd (0.83), Pb (3.8), Hg (0.13), Se (4.5), and Ag (1.1). 

ICP Interference Check Sample 
Interference check samples were analyzed within acceptable control limits. 

Laboratory Control Sample 
Laboratory control samples were analyzed within acceptable control limits. 

Field Duplicate 
Field duplicate sample was collected and analyzed with field sample pairs WV0579-2 & 
WV0580-1, WV0580-2 & WV0580-3, WV0580-4 & WV0580-5, and WV0580-6 & WV0580-7. 
Acceptable field precision objectives were achieved. 

Matrix Spike and Laboratory Duplicates 
Matrix spike and laboratory duplicate samples were collected and analyzed using field samples 
WV0580 2 and WV0580 6. Acceptable project precision objectives were met but not all accuracy 
objectives were achieved. For sample WV0580 2, the recovery of arsenic and selenium fall below 
the lower control limit. Both parameters were fortified at concentrations less than four times the 
native concentrations and the recovery data is inconclusive. No action was taken to quallfy 
sample WV0580-2 results. For sample WV0580 6, the recovery of arsenic, chromium, lead, and 
selenium fall outside the established control limits. Again, these parameters were fortified at 
concentrations less than four times the native concentrations and the recovery data is 
inconclusive. No action was taken to quallfy sample WV0580-6 results. 



Serial Dilutions 
Serial dilution analyses were performed using field sample WV0580-2 and WV0580-6. 
Acceptable results were obtained for all analyses. 



Baker Environmental, Inc. 

APPENDIX D 

Summary of Analytical Results 
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APPENDIX D 
FIXED BASE LABORATORY ANALWICAL RESULTS - RFI CROWDWATER 

SWMU 336 
RCRA FACILITY lhWSTlCATlON (CTOd091) 

MCB, CAMP LUEUYE NORTH CAROLINA 

Sample ID 
Sample Date 

Volatile Organic Compounds (I 
1,1,1,2-TeuachloroeLwe 
I,l,l-Tricchlorcethane 
1,1,2,2-Tebachloro~thane 
1,1,2-Trichloroethane 
I,l.Dichlorcethanc 
I, l-Dichlorcethene 
1.1-Dichlompmpene 
1.2,)-Trichlombenmne 
1,2,3-Trichlompropane 
1,2,4-Trichlorobenrenc 
1,2,4-Trimethylbenzene 
1,2-Dibromo-3shloropropane 

2,2-Dichloropropwe 
2-Chlorotoluene 
4-Chloroulluene 
Benzene 
Bromobenzcne 
Bromochloromethane 
Bro&chloromethane 
Bromoform 
Bromomethane 
Carbon lehachloride 
Chlombenzene 
Chlomthane 
Chlomfom 
Chlommethane 
cisl,2-Dshlorwthencc 
cis-1.3-Dehloropmpencne 
Dibromahlommethane 
Dibromomethane 
Dichlorodifluommnhane 
Ethylbeme 
Hmchlorobuladiene 
lsopmpylbnuene 
Methylens chloride 
Naphthalene 
n-Butylbsnzsne 
n-Fkipylbsnzsne 
0-Xylene 
@m-Xylene 
plsopropltoluene 
ssc-Butylbsnzcne 
Styrsne 
IeR-Bulylbne  
Teeachlorcethene 
Toluene 
trans-1.2-hchloroethene 
trans-1,3-Dichlompmpene 
Trichlorosthene 
Trichlorofluommethane 
Vinyl chloride 



Sample ID 

Sample Date 

Volatile Organic Compounds (ugL) 
Bromodichloromethane 
Chloroform 
Dibromochloromethane 
Methy lene chloride 
Toluene 

Total Metals (ug/L) 
Arsenic 
Barium 
Cadmium 
Mercury 
Selenium 
Silver 

Notes: 

Appendix D 
QAIQC Results Summary - SWMU 336 

RCRA Facility Investigation (CTO-0091) 
MCB, Camp Lejeune, North Carolina 

U - Non-detected chemical. 
J - Estimated Value. 
NA - Not Analyzed. 
ug/L - micrograms per liter 
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Sample ID 

Sample Date 

Sample Depth (A) 

APPENDIX D 
MOBILE LABORATORY DETECTIONS SUMMARY - RFI SURFACE SOIL 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Volatile Organic Compounds (uglkg) 
1,l ,I ,2-Tetrachloroethane 
1,l , l  -Trichloroethane 
1,1,2,2-Tetrachloroethane 
1,1,2-Trichloroethane 
I, 1-Dichloroethane 
I, l -Dichloroethene 
I, 1-Dichloropropene 
1,2,3-Trichlorobenzene 
1,2,3-Trichloropropane 
1,2,4-Trichlorobenzene 
1,2,4-Trimethylbenzene 
1,2-Dibromo-3-chlgropropane 
1,2-Dibromoethane 
1,2-Dichlorobenzene 
1,2-Dichloroethane 
1,2-Dichloropropane 
1,3,5-Trimethylbenzene 
1,3-Dichlorobenzene 
1,3-Dichloropropane 
1,4-Dichlorobenzene 
2,2-Dichloropropane 
2-Chlorotoluene 
4-Chlorotoluene 
Benzene 
Bromobenzene 
Bromochloromethane 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
cis-1,2-Dichloroethene 
cis-1,3-Dichloropropene 
Dibromochloromethane 
Dibromomethane 
Dichlorodifluoromethane 
Ethylbenzene 
Hexachlorobutadiene 
lsopropylbenzene 
Methylene chloride 
Naphthalene 
n-Butylbenzene 
n-Propylbenzene 
o-Xylene 
p&m-Xylene 
p-lsopropltoluene 
sec-Butylbenzene 
Styrene 

2 u 
1 u 
2 u 
1 u 
1 u 
1 u 
1 u 
6 U 
2 u 
6 U 
2 u 
6 U 
2 u 
2 u 
1 u 
1 u 
2 u 
2 u 
1 u 
2 u 
1 u 
2 u 
2 u 
1 u 
2 u 
2 u 
2 u 
2 u 

4.5 J 
1 u 
1 u 
6 U 
1 u 

2.2 J 
1 u 
1 u 
2 u 
2 u 
6 U 
1 u 
6 U 
2 u 
6 U 
6 U 
2 u 
2 u 
1 u 
2 u 
2 u 
2 u 
1 u 
2 U Page 1 of2 



Sample ID 
Sample Date 

Sample Depth (ft) 

APPENDIX D 
MOBILE LABORATORY DETECTIONS SUMMARY - RFI SURFACE SOIL 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB, CAMP LEJEUNE, NOHTH CAROLINA 

Tetrachloroethene 
Volatile Organic Compounds (ugkg) 
Toluene 
trans-l,2-Dichloroethene 
trans-1,3-Dichloropropene 
Trichloroethene 
Trichlorofluoromethane 
Vinyl chloride 

Page 2 of 2 



Sample ID 

Sample Date 

Sample Depth (ft) 

APPENDIX D 
FIXED BASE LABORATORY ANALYTICAL RESULTS - RFI SUBSURFACE SOIL 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Volatile Organic Compounds (uglkg) 
1, 1,l-TRICHLOROETHANE 
1,1,2,2-TETRACHLOROETHANE 
1,1,2-TRICHLORO- 1,2,2-TRIFLUOROETHANE 
1,l ,ZTRICHLOROETHANE 
1,l -DICHLOROETHANE 
1,l -DICHLOROETHENE 
1,2,4-TRICHLOROBENZENE 
1,2-DIBROMO-3-CHLOROPROPANE 
1,2-DIBROMOETHANE 
1 ,2-DICHLOROBENZENE 
1,2-DICHLOROETHANE 
1 ,ZDICHLOROETHYLENE 
1 ,2-DICHLOROPROPANE 
1,3-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 
2-BUTANONE 
2-HEXANONE 
4-METHYL-ZPENTANONE 
ACETONE 
BENZENE 
BROMODICHLOROMETHANE 
BROMOFORM 
BROMOMETHANE 
CARBON DISULFIDE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFORM 
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Sample ID 

Sample Date 

Sample Depth (ft) 

APPENDIX D 
FIXED BASE LABORATORY ANALYTICAL RESULTS - RF'I SUBSURFACE SOIL 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Volatile Organic Compounds (uglkg) 
CHLOROMETHANE 
CIS- l,2-DICHLOROETHENE 
CIS-1,3-DICHLOROPROPENE 
CYCLOHEXANE 
DIBROMOCHLOROMETHANE 
DICHLORODIFLUOROMETHANE 
ETHYLBENZENE 
ISOPROPYLBENZENE 
m- and p-Xylenes 
METHYL ACETATE 
METHYLCY CLOHEXANE 
METHYLENE CHLORIDE 
METHYL-TERT-BUTY L ETHER(MTBE) 
0-XYLENE 
STYRENE 
TETRACHLOROETHENE 
TOLUENE 
TRANS-1,2-DICHLOROETHENE 
TRANS- 1,3-DICHLOROPROPENE 
TRICHLOROETHENE 
TRICHLOROFLUOROMETHANE 
VINYL CHLORIDE 
XYLENES (TOTAL) 
1,l'-BIPHENYL 
2,2-OXYBIS(1 -CHLOROPROPANE) 
2,4,5-TRICHLOROPHENOL 
2,4,6-TRICHLOROPHENOL 
2,4-DICHLOROPHENOL 
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Sample ID 

Sample Date 

Sample Depth (ft) 

APPENDIX D 
FIXED BASE LABORATORY ANALYTICAL RESULTS - RFI SUBSURFACE SOIL 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Semivolatile Organic Compounds (ugkg) 
2,4-DIMETHYLPHENOL 
2,4-DINITROPHENOL 
2,4-DINITROTOLUENE 
2,6-DINITROTOLUENE 
2-CHLORONAPHTHALENE 
2-CHLOROPHENOL 
2-METHYLNAPHTHALENE 
2-METHYLPHENOL 
2-NITROANILINE 
2-NITROPHENOL 
3,3'-DICHLOROBENZIDINE 
3-NITROANILNE 
4,6-DINITRO-2-METHYLPHENOL 
4-BROMOPHENYL PHENYL ETHER 
4-CHLORO-3-METHYLPHENOL 
4-CHLOROANILINE 
4-CHLOROPHENYL PHENYL ETHER 
4-METHYLPHENOL 
4-NITROANILINE 
4-NITROPHENOL 
ACENAPHTHENE 
ACENAPHTHYLENE 
ACETOPHENONE 
ANTHRACENE 
ATRAZINE 
BENZALDEHYDE 
BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
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Sample ID 

Sample Date 

Sample Depth (ft) 

Semivolatile Organic Compounds (ugtkg) 
BENZO(B)FLUORANTHENE 
BENZO(K)FLUORANTHENE 
BENZO[G,H,I]PERYLENE 
BIS(2-CHLOROETHOXY) METHANE 
BIS(2-CHLOROETHYL) ETHER 
BIS(2-ETHYLHEXYL) PHTHALATE 
BUTYL BENZYL PHTHALATE 
CAPROLACTAM 
CARBAZOLE 
CHRY SENE 
DIBENZ(A,H)ANTHRACENE 
DIBENZOFURAN 
DIETHYL PHTHALATE 
DIMETHYL PHTHALATE 
DI-N-BUTYL PHTHALATE 
DI-N-OCTYLPHTHALATE 
FLUORANTHENE 
FLUORENE 
HEXACHLOROBENZENE 
HEXACHLOROBUTADIENE 
HEXACHLOROCYCLOPENTADIENE 
HEXACHLOROETHANE 
INDENO(1,2,3-CD)PYRENE 
ISOPHORONE 
NAPHTHALENE 
NITROBENZENE ., 
N-NITROSO-DI-N-PROPYLAMINE 
N-NITROSODIPHENYLAMINE 

APPENDIX D 
FIXED BASE LABORATORY ANALYTICAL RESULTS - RFI SUBSURFACE SOIL 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

SWMU336-SB04-02 SWMU336-SB05-02 SWMU336-SB09-06 

2/1/05 2/1/05 2/2/05 

3-5 3-5 11-13 
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Sample ID 

Sample Date 

Sample Depth (ft) 

APPENDIX D 
FIXED BASE LABORATORY ANALYTICAL RESULTS - RFI SUBSURFACE SOIL 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Semivolatile Organic Compounds (ugkg) 
PENTACHLOROPHENOL 
PHENANTHRENE 
PHENOL 
PYRENE 
Total Metals (mg/kg) 
ARSENIC 
BARIUM 
CADMIUM 
CHROMIUM 
LEAD 
MERCURY 
SELENIUM 
SILVER 
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APPENDIX D 
FIXED BASE LABORATORY ANALYTICAL RESULTS - RFI SURFACE SOIL 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Sample ID 

Sample Date 

Chemical Name 

Volatile Organic Compounds (ug/Kg) 
1,1,1 -TRICHLOROETHANE 
1, I ,2,2-TETRACHLOROETHANE 
I, 1,2-TRICHLORO- 1,2,2-TRIFLUOROETHANE 
I,1,2-TRICHLOROETHANE 
I, I -DICHLOROETHANE 
I, I -DICHLOROETHENE 
I ,2,4-TRICHLOROBENZENE 
1,2-DIBROMO-3-CHLOROPROPANE 
I ,2-DIBROMOETHANE 
I ,2-DICHLOROBENZENE 
I,2-DICHLOROETHANE 
I ,2-DICHLOROETHYLENE 
I ,2-DICHLOROPROPANE 
1,3-DICHLOROBENZENE 
I ,4-DICHLOROBENZENE 
2-BUTANONE 
2-HEXANONE 
4-METHYL-2-PENTANONE 
ACETONE 
BENZENE 
BROMODICHLOROMETHANE 
BROMOFORM 
BROMOMETHANE 
CARBON DISULFIDE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFORM 
CHLOROMETHANE 
CIS-1,2-DICHLOROETHENE 
CIS-1,3-DICHLOROPROPENE 
CYCLOHEXANE 
DIBROMOCHLOROMETHANE 
DICHLORODIFLUOROMETHANE 
ETHYLBENZENE 
ISOPROPYLBENZENE 
rn- and p-Xylenes 
METHYL ACETATE 
METHYLCYCLOHEXANE 
METHYLENE CHLORIDE 
METHYL-TERT-BUTYL ETHER(MTBE) 
0-XYLENE 
STYRENE 
TETRACHLOROETI IENE 
TOLUENE 
TRANS-1,2-DICHLOROETHENE 
TRANS-1,3-DICHLOROPROPENE 
TRICHLOROETHENE 
TRICHLOROFLUOROMETHANE 
VINYL CHLORIDE 
XYLENES (TOTAL) 
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APPENDIX D 
FIXED BASE LABORATORY ANALYTICAL RESULTS - RFI SURFACE SOIL 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Sample ID 
Sample Date 
Chemical Name 

Semivolatile Organic Compounds (uglkg) 
1,l '-BIPHENYL 
2,T-OXYBIS(1-CHLOROPROPANE) 
2,4,5-TRICHLOROPHENOL 
2,4,6-TRICHLOROPHENOL 
2,4-DICHLOROPHENOL 
2,4-DIMETHYLPHENOL 
2,4-DINITROPHENOL 
2,4-DINITROTOLUENE 
2,6-DINITROTOLUENE 
2-CHLORONAPHTHALENE 
2-CHLOROPHENOL 
2-METHYLNAPHTHALENE 
2-METHYLPHENOL 
2-NITROANILINE 
2-NITROPHENOL 
3,3'-DICHLOROBENZIDINE 
3-NITROANILINE 
4,6-DINITRO-2-METHYLPHENOL 
4-BROMOPHENYL PHENYL ETHER 
4-CHLORO-3-METHYLPHENOL 
4-CHLOROANILINE 
4-CHLOROPHENYL PHENYL ETHER 
4-METHYLPHENOL 
4-NITROANILINE 
4-NITROPHENOL 
ACENAPHTHENE 
ACENAPHTHYLENE 
ACETOPHENONE 
ANTHRACENE 
ATRAZINE 
BENZALDEHYDE 
BENZO(A)ANTHRACENE 
BENZO(A)PYRENE 
BENZO(B)FLUORANTHENE 
BENZO(K)FLUORANTHENE 
BENZO[G,H,I]PERYLENE 
BIS(2-CHLOROETHOXY) METHANE 
BIS(2-CHLOROETHYL) ETHER 
BIS(2-ETHYLHEXYL) PHTHALATE 
BUTYL BENZYL PHTHALATE 
CAPROLACTAM 
CARBAZOLE 
CHRYSENE 
DIBENZ(A,H)ANTHRACENE 
DIBENZOFURAN 
DIETHYL PHTHALATE 
DIMETHYL PHTHALATE 
DI-N-BUTYL PHTHALA'I'E 
DI-N-OCTYLPHTHALATE 
FLUORANTHENE 
FLUORENE 
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APPENDIX D 
FIXED BASE LABORATORY ANALYTICAL RESULTS - RFI SURFACE SOIL 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Sample ID 
Sample Date 
Chemical Name 

Semivolatile Organic Compounds (ugkg)  
HEXACHLOROBENZENE 
HEXACHLOROBUTADIENE 
HEXACHLOROCYCLOPENTADIENE 
HEXACHLOROETHANE 
INDENO(l,2,3-CD)PYRENE 
ISOPHORONE 
NAPHTHALENE 
NITROBENZENE 
N-NITROSO-Dl-N-PROPYLAMINE 
N-NITROSODIPHENYLAMINE 
PENTACHLOROPHENOL 
PHENANTHRENE 
PHENOL 
PYRENE 
Total Metals (mgm) 
ARSENIC 
BARIUM 
CADMIUM 
CHROMIUM 
LEAD 
MERCURY 
SELENIUM 
SILVER 
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APPENDIX E (Continued) 

Sample ID 
Sample Date 
Sample Depth (ft) 
Laboratory: 

Volatile Organic Compounds (uglkg) (Cont) 
Tetrachlomethene (PCE) 
Toluene 
Trichlomethene (TCE) 
Trichlorofluoromethane 
Vinyl Chloride 
Xylene, Wp- 
Xylcne. 0- 

Xylenes, total 
Semivolatile Organic Compounds (uglkg) 
1.1'-Biphenyl 
2.2'-Oxybis[l-chlompmpane] 
2.4.5-Trichlomphenol 
2,4,6-Trichlomphenol 
2,CDichlorophenol 
2.CDimethylphenol 
2,4-Dinitrophenol 
2,CDinitrotoluene 
2.6-Dinitmtolucne 
2-Chloronaphthalene 
2Chlorophenol 
2-Methyl~~aphthalenc 
2-Methylphenol (o-Cresol) 
2-Nitmaniline 
2-Nitrophenol 
3,3'-Dichlombenzidine 
3-Nitroaniline 
4.6-Dinioo-2-methylphenol 
4-Bmrnophenyl-phcnylether 
4-Chlom3-methylphenol 
4-Chloroaniline 
4-Chlorophenyl-phenylether 
4-Methylphenol (p-Cresol) 
4-Nitmanitine 
4-Nitrophenol 
Acenaphthene 
Acenaphthylenc 
Acetophenone 
Anthracene 
Atrazine 
Benzaldehyde 

CURRENT SURFACE SOIL ANALYTICAL RESULTS 
SWMU 336 

RCRA INVESTIGATION - CTO-0091 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SWU336-TWO1-00 SWMU336-TWO2-00 SWMU336-TWO340 SWMU336-TW04-00 SWMU336-TWO540 SWMU336-TW06-M) 
03-20-2002 03-20-2002 06-23-2003 06-23-2003 06-23-2003 06-23-2003 

0-1 0-1 0-1 0-1 0-1 0- I 
FIXED FIXED FlXED FIXED FIXED FIXED 

Formatted S W U  336 Data.xls, cSSl Table 2 of 19 



APPENDIX E (Continued) 

CURRENT SURFACE SOIL ANALYTICAL RESULTS 
SWMU 336 

Sanple ID 
Sample Dale 
Sanple Depth (A) 
Laboratory: 

Semivolatile Organic Compounds (uglkg) (Cont) 
Benzo(a)anthraccne 
BeWa)py=ne 
&nzo(b)fluoranthenc 
&nzo(g.h,i)perylenc 
Benzo(k)fluoranthene 
Bis(2-chlomethoxy)methane 
Bis(2-chlomelhy1)cthcr 
Bis(2-ethylhexyl) Phthalate (BEHP) 
Butyl Benzyl Phthalate 
Caprolactam 
Carbazole 
Chrysenc 
Dibenz(a,h)anthracenc 
Dibcnzoluml 
Dicthyl Phthalale (DEP) 
Diethyl Phthalate 
Di-n-butyl Phthalate (DBP) 
Di-n-octyl Phlhalate - 
Fluoranthene 
Fluorene 
Hexachlombenzene 
Hexachlorobutadieno 
Hcxachlorocyclopentadiel~e 
Hexachlomethane 
Indeno(l,2,34)pynnc 
Isophorouc 
Naphthalene 
Nitrobenzene 
11-Nitrosodi-n-propylalnine 
n-Nitrosodiphcnylsmine 
Pentachlorophcno~ 
Phenanthrene 
Phmol 
Pyrene 
Total Metals (mglkg) 
Arsenic 
Barium 
Cadmium 
Chromiwn 
Lead 
Mercury 
Selenium 
Silver 

SWMU33bTWO1-00 
03-20-2002 

0-1 
FIXED 

RCRA INVESTIGATION - CTO-0091 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SWMU33bTW02-00 SWMU336-TWO340 SWMU33bTW04-00 SWMU336-TW05-00 
03-20-2002 06-23-2003 06-23-2003 06-23-2003 

0-1 0-1 0-1 0-1 
FIXED FlXED FIXED FIXED 

Formaned SWMU 336 Dala.xls. cSSl Table 3 of 19 





APPENDIX E (Continued) 

Sample ID 
Sample Date 
Sample Depth (A) 
Laboratory: 

FUTURE SURFACE SOIL ANALYTICAL RESULTS 
SWMU 336 

RCRA INVBTIGATION - CTO-0091 
MCB. CAMP LEJEUNE, NORTH CAROLWA 

SWMU33bTW01-00 SWMU336-TW02-00 SWMU336-TW03-00 SWMU336-TW04-00 SWMU336-TWO5-00 SWMU336-TW06-00 SWMU336-SBOl-00 SWMU33bSB04-00 SWMU33bSB09-00 
03-20-2002 03.20-2002 06-23-2003 06-23-2003 06-23-2003 02/01/05 WOIlO5 02/02/05 06-23-2003 

0-1 0-1 0 1  0-1 0-1 0-1 0-1 e l  0.1 
FIXED FIXED FIXED FIXED FIXED FIXED FIXED MOBILE MOBILE 

Volatile Organic Compounds (uglkg) (Cont) 
Carbon Disulfide 6 U 
Carbon Tebachloride 6 U 
Chlombenzene 6 U 
Chlomethane 6 U 
Chloroform 6 U 
Chloromethane 6 U 
Cyclohexane 6 U 
Dlbromochlommelhane 6 U 
Dibro~nomethane N A 
Dichlorodifluommethan~ 6 U 
Ethylbenzene 6 U 
Hexachlombu~dienc N A 
Isopmpylbcnzcne (Cumeue) 6 U 
Methyl Acerate 6 U 
Methyl Cyclohexane 6 U 
Methyl Tert-Butyl Ether (MTBE) 6 U 
Methylene Chloride 12 
Naphthalene N A 
n-Butylbenzens N A 
n-Propylbcnzcne N A 
Styrene (Ethenylberuerrc) 6 U 
Tetrachlomethene (PCE) 6 U 
Toluene 3 J  
Trichlomethene W E )  6 U 
Trichlorofluoromethane 6 U 
Vinyl Chloride 6 U 
Xylene, m/p N A 
Xylene, 0- N A 
Xylenes, total 1 J  
Semivolatile Organic Compounds (uglkg) 
1.1'-Biphenyl 400 U 
2.2'-Oxybis[l-chlompmpanel 400 U 
2.4.5-Trichlompheool 400 U 
2.4.6-Trichlorophe~iol 400 U 
2.4-Dichlomphenol 400 U 
2,CDimethylphenol 400 U 
2.4-Dinitropheuol 2100 UJ 
2.4-Dinitrotoluene 400 U 
2.6-Di~~itrololua~e 400 U 
2-Chlomnaphthalene 400 U 
2-Chlomphenol 400 U 
2-Methylnaphthalene 400 U 
2-Methylphenol (06resol) 400 U 

Fonnattcd SWMU 336 Data.xls, fSS Table 5 of 19 71612005 



APPENDIX E (Continued) 

Sample ID 
Sample Date 
Sample Depth (ft) 
Laboratory: 

FUTURE SURFACE SOIL ANALYTICAL RESULTS 
SWMU 336 

RCRA INVESTIGATION - CTO-0091 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Semivolatile Organic Compounds (ugtkg) 
2-NilroanilLc 
2-Nitrophenol 
3.3'-Dichlombenzidine 
3-Nimaniline 
4,6-Dinitro-2-methylphe1wl 
4-Bromophenyl-phenylethcr 
4-Chloro-3-methylphe~iol . 
CChloroaniline 
4-Chlomphenyl-phenylether 
4-Methylphenol @-Cresol) 
4-Nitroaniline 
4-Nitrophenol 
Acenaphthene 
Ace~laphlhylcnc 
Acetophenone 
Anthmcenc 
Abazine 
Benzaldehyde 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluomnthenc 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Bis(2-chlomer\ioxy)methane 
Bis(2-chlomethyl)othcr 
Bis(2-ethylhexyl) Phthalate (BEHP) 
Bulyl Benzyl P h h h t e  
Capmlactam 
Carbazole 
Chrysene 
Dibeda,  h)anthracene 
Dibenzofuran 
Diethyl Phlhalate (DEP) 
Dimethyl Phthalate 
Di-n-butyl Phthalate (DBP) 
Di-n-oclyl Phthalate 
Fluoranthene 
Ruonne 
Hwtachlombenzene 
Hwtaehlombutadiene 
Hwtachlorocyclopentadiene 
Hexachloroethane 

SWMU336-TW01-00 SWMU336-TW02-00 SWMU33bTW03-00 SWMU336-TWO4-00 SWMU33bTWO5-00 SWMU336-TWO600 SWMU336-SB01-00 
03-20-2002 03-20-2002 06-23-2003 0623-2003 06-23-2003 06-23-2003 02/01/05 

0-1 0-1 0-1 &I 0- I 0-1 0-1 
FIXED FDCED FIXED FIXED FIXED FlXED FIXED 

SWhiU336-SB04-00 SWMU336-SB09-00 
02/01/05 02/02/05 

0-1 0-1 
MOBILE MOBILE 

Formatled SWMU 336 Dalaxls, R S  Table 6 of I9 



APPENDIX E (Continued) 

Sample ID 
Sample Date 
Sample Depth (it) 
Laboratory: 

FUTURE SURFACE SOIL ANALYTICAL RESULTS 
SWMU 336 

RCRA INVESTIGATION - CTO-0091 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SWMU33bTW01-00 SWMU336-TW02-00 SWMU336-N103-00 SWMU336-TW04-00 SWMU336-TWOS-00 SWMU336-TW06-00 SWMU33bSB01-00 
03-20-2002 03-20-2002 06-23-2003 06-23-2003 06-23-2003 06-23-2003 OZ/Ol/OS 

0-1 0-1 0-1 0-1 0-1 0-1 0- 1 
FIXED FIXED FIXED FIXED FIXED FRED FIXED 

Semivolatile Organic Compounds (uglkg) (Cont) 
Indcno(1.2.3-cd)pynnc 400 U 
lsophorone 400 U 
Naphthalene 400 U 
Nitmbe~tene 400 U 
n-Nitrosodi-~rpropylamine 400 U 
11-Nitmsodiphenylaminc 400 U 
Pentachlomphenol 800 U 
Phenanthrene 400 U 
Phenol 400 U 
Pyrer~e 400 U 
Total Metals (mglkg) 
Arsenic 0.3 J 
Barium 17.6 
Cadmium 1.8 
Chromium 13.8 
Lead 18.9 J 
Mercury 0.06 
Selenium 0.55 U 
Silver 0.11 U 

SWMU336-SB04-00 SWMU336-SB09-00 
02/01/05 02/02/05 

0-1 0-1 
MOBILE MOBILE 

Formatted SWMU 336 Data.xls, fSS Table 7 of 19 



APPENDIX E (Continued) 

Site Sample I.D. 
Sample Date 
Depth Range 
Laboratory: 

Volatlle Organlc Compounds (uglkg) 
1.1.1.2-Teebachlomethane 
1.1 .I-Trichlomcthane (TCA) 
I, 12.2-Tetracblomethane 
1 .I 2-Trichloro-l,2,2-trifluomethane 
1.1.2-Trichlomethane 
l ,I-Dichlomethane 
I ,1-Dichlomethene 
I. I-Dichloropmpene 
1.22-Trichlorobenze~ie 
1.2.3-Trichlompropaoe 
1.2.4-Trichlorobenzene 
1,2,4-Trimethylbenzene 
1.2-Dibmmo-3-chlompropane (DBCP) 
1,2-Dibmnoethane (EDB) 
I ,2-Dichlombenzenc (0-) 
1,2-Dichlomethane 
1,2-Dichlomethene (cis) 
1.2-Dichlomethene (total) 
1.2-Dichlomethene (bans) 
1.2-Dichlompmpanc 
1,3,S-Trimethylbenzene 
I .3-Dichlorobe~izene (m-) 
1 $3-Dichlompmp~c 
1,3-Dichloropmpene (cis) 
1.3-Dichloropmpene (bans) 
1.4-Dichlombeozcne @) 
2.2-Dichloropropane 
2-Butanonc (MEK) 
2Chlorotoluene 
2-Hexanone (MBK) 
4Chlomtolue1ic 
4-lsopmpyltolue~ie 
4-Methyl-2-pentanone (MIBK) 
Acetone 
Benzene 
Bro~nobcnzcne 
Bm~nochlommethane 
Bm~nodichlommethane 
Bmmofonn 
Bromomethane 
B u t y l b e m ,  sec- 
Butylbenzcne, tert- 

SUBSURFACE SOIL ANALYTICAL RESULTS 
SWMU 336 

RCRA INVESTIGATION - CTO-0091 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SWMU336-TW01-04 SWMU336-TWD2-04 SWMU336-TW03-04 SWMU336-TW04-06 SWMU336-TWOS-04 SWMU336-SB04-02 SWMU33b-SB05-02 
03-20-2002 03-20-2002 06-23-2003 06-23-2003 06-23-2003 2/1/2005 2/1/2005 

7-9 7-9 7-9 11-13 7-9 3-5 3-5 
FIXED FIXED FiXED FIXED FIXED FIXED FIXED 

SWMU336-SB09-06 
2i2i2005 

11-13 
FIXED 

Formatted SWMU 336 Dataxls. SB Table 8 of 19 



APPENDIX E (Continued) 

Site Sample I.D. 
Sample Date 
Depth Range 
Laboratory: 

SWMU336-TW01-04 
03-20-2002 

7-9 
FIXED 

Volatile Organic Compounds (uglkg) (Cont) 
Carbon Disulfide 
Carbon Tehachlonde 
Chlombenze~ie 
Chloroethane 
Chloroform 
Chlorometha~~ 
Cyclohexane 
Dibromochloroinethane 
Dibromornethane 
Dichlomdifluoromethane 
Ethylbenzme 
Hexachlorobutadiene 
lsopropylbenzcne (Cumene) 
Methyl Acetate 
Methyl Cyclohexane 
Methyl Tert-Bulyl Ether (MTBE) 
Methylene Chloride 
Naphthalene 
n-Butylbeluene 
bPmpylbenzcne 
Styrene (Ethenylbenzcnc) 
Tetrachlomethene (PCE) 
Toluene 
Trichlomethe~re (TCE) 
Mchlorofluom~nethane 
Vinyl Chloride 
Xylene, mlp 
Xylene, o- 
Xylenes, total 
Semivolatile Organlc Compounds (uglkg) 
1.1'-Biphenyl 
2,2'-0xybis[l-chloropm~a~e] 
2.4.5-TrichlorophenoI 
2,4,bTrichlompheno1 
2,CDichlorophenol 
2,4-Dimethylphenol 
2.4-Didhophenol 
2.4-Dinimtoluene 
2.6-Dinitrotoluene 
2Chlomnaphthalene 
2-Chlorophenol 
2-Methylnaphthalene 
2-Methylphenol (o-cresol) 

SWMU336-TWO2-04 
03-20-2002 

7.9 
FIXED 

SUBSURFACE SOIL ANALYTICAL RESULTS 
SWMU 336 

RCRA INVESTIGATION - CTO-0091 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SWMU336-TW03-04 SWMU336-TW04-06 SWMU336-TW05-04 
06-23-2003 06-23-2003 06-23-2003 

7-9 11-13 7-9 
FIXED FIXED FIXED 

SWMU336-SBO9-06 
2R/200S 

11-13 
FIXED 

Table 9 of 19 



APPENDIX E (Continued) 

SUBSURFACE SOIL ANALYTICAL RESULTS 
SWMU 336 

Site Sample I.D. 
Sample Date 
Depth Range 
Laboratory: 

SWMU336-TW01-04 SWMU336-TW02-04 
03-20-2002 03-20-2002 

7-9 7-9 
FIXED FIXED 

Semivolatile Organic Compounds (udkg) (C 
2-Nitroaniline 
2-Nihophenol 
33'-Dichlombenzidine 
3-Nitroaniline 
4.6-Diniao-2-mnethylphe~lol 
4-Bromophenylphenylether 
4-Chlom-3-mnethylphmol 
CChlomaniline 
4-Chlomphcnylphenylether 
4-Methylphenol @-Cresol) 
4-Nikoaniline 
4-Nitraphenol 
Acenaphthene 
Acenaphthy lenc 
Acetophenone 
Anthracene 
Atmilie 
Benzaldehyde 
Benzo(a)anthracenc 
Benzo(a)pyrene 
Beruo@)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluora~ithene 
Bis(2-chloroethoxy)methane 
Bis(2chloroethyl)ether 
Bis(2-ethylhexyl) Phthalate (BEHP) 
Butyl Be~izyl Phthalate 
Capmlactam 
Carbazole 
Chrysene 
Dibenz(a,h)anthracene 
Dibenzofuran 
Diethyl Phthalate (Dm) 
Dimethyl Phthalate 
Di-n-butyl Phthalate (DBP) 
Di-n-octyl Phthalate 
Fluoranthene 
Fluore~ie 
Hexachlorobenzcnc 
Hexachlombutadielle 
Hexa~hlomcyclopcntadiene 
Hexachlomethane 

RCRA INVESTIGATION - CTO-0091 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SWMU336-TWO344 
0623-2003 

7-9 
FIXED 

SWMU336TW04-06 SWMU336-TWOS44 
06-23-2003 06-23-2003 

11-13 7-9 
FIXED FIXED 

SWMU33bSB04-02 
211/2005 

3-5 
FIXED 

SWMU336SB05-02 SWMU33bSB09-06 
2/1/2005 2/212005 

3-5 11-13 
FIXED FIXED 

Fonnaned SWMU 336 Data.xls. SB Table 10 of 19 





APPENDIX E (Continued) 

Site Sample I.D. 
Sample Date 
Depth Range 
Laboratory: 

Volatile Organic Compounds (uglkg) 
1.1 .I .2-Tetrachloroethane 
1 .I .l -Trichlorocthane (TCA) 
1,1,2,2-Tebrcchloroethane 
1,l.Z-Trichloro-1,2,2-bifluoroethane 
1 .I ,2-Trichloroethane 
I .I-Dichlomctha~le 
I. l-Dichloroethene 
I .I -Dichloropropene 
1.2,3-TrichIombe1~e 
1.2.3-Trichloropmpane 
1,2,4-Trichlombenzene 
1.2.4-Trimethylben7,~11e 
I ,2-Dibromo-3-chloropropane (DBCP) 
I .2-Dibromocthane (EDB) 
1,2-Dichlombeuzc1le (o-) 
1.2-Dichlomcthane 
1,2-Dichloroelhent (cis) 
1.2-Dichloroethene (total) 
1.2-Dichloroethene (trans) 
1.2-Dichloropropanc 
1.3,s-Trimethylbenzene 
1.3-Dichlombenzene (m-) 
1.3-Dichloropropanc 
1.3-Dichloropropnle (cis) 
1.3-Dichloropropene (bans) 
1.4-Dichlorobenzene (P) 
2.2-Dichloropropam 
2-Butanone (MEK) 
2-Chlomtoluene 
2-Hexanonc (MBK) 
4Chlorotoluene 
CIsopropyltoluene 
4-Methyl-2pentanone (MIBK) 
Acetone 
Benzene 
Brornobuucne 
Bromochloromethane 
Bromodichloromethane 
Bromoform 
Bro~nomethane 
Butylbenzene, sec- 
Butylbenzeae. tert- 

SWMU336-SB01-02 
2llROO5 

3-5 
MOBILE 

SWMU336-SB01-04 
211R005 

7-9 
MOBILE 

SUBSURFACE SOIL ANALYTICAL RESULTS 
SWMU 336 

RCRA INVESTIGATION - CT0-0091 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SWMU336-SB04-02 SWMU336-SB04-04 SWMU336-SB05-01 
2/1/2005 2111~005 UlROOS 

3-5 7-9 1-3 
MOBILE MOBILE MOBILE 

SWMU3364B05-02 SWMU336-SB05-05 SWMU336SB09-03 
2/1n005 2/1/2005 znn005 

3-5 11-13 5-7 
MOBILE MOBILE MOBILE 

Formamd SWMU 336 Data.xls, SB Table I2 of 19 



APPENDIX E (Continued) 

Site Sample I.D. 
Sample Date 
Depth Rauge 
Laboratory: 

Volatile Organic Compounds (ug/kg) ( 4  
Carbon Disulfide 
Carbon Tetrachloride 
Chlorobenzcne 
Chloroethane 
Chloroform 
Chloromethane 
Cyclahexane 
Dibromochloromethane 
Dibromomethane 
Dichlorodifluoromethane 
Ethylbenzene 
Hcxachlorobutadicne 
lsopmpylbenzene (Cuinene) 
Methyl Acetate 
Methyl Cyclohexane 
Methyl Tert-Butyl Ether (MTBE) 
Methylenc Chloride 
Naphthalene 
n-Butylbe~ueae 
n-Pmpylbenzcne 
Styrene (Ethenylbenzene) 
Tetrachlomethene (PCE) 
Toluene 
Trichloroethene W E )  
Trichlorofluoromethane 
Vinyl Chloride 
Xylene. ~nlp 
Xyleoe, o- 
Xylenes, total 
Semivolatile Organic Compounds (ugll 
1.1'-Biphenyl 
2.2'-Oxybis[l -chloropropane] 
2,4,5-Trichlomphc~~~ 
2,4,bTrichlomphe~1 
2,4-Dichlomphcnol 
2.4-Dimethylphenol 
2.4-Dinitrophenol 
2.4-Dieitrotoluene 
2.6-Dimitrotoluene 
2Chlor~naphthaienc 
ZChlorophe~lol 
2-Methylnaphthalene 
2-Methylphu~ol (o-cmol) 

SUBSURFACE SOIL ANALYTICAL RESULTS 
SWMU 336 

RCRA INVESTIGATION CTO-0091 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SWMU33bSB01-02 SWMU336-SB01-04 SWMU336-SB04-02 SWMU33bSB04-04 SWMU336-SB05-01 SWMU336SBOS-02 SWMU336SB05-05 
2IIR005 2/1/2005 2/1/2005 2/1/2005 2/1/2(WS 2/1/2005 2/1/2005 

3-5 7-9 3-5 7-9 1-3 3-5 11-13 
MOBILE MOBILE MOBILE MOBILE MOBILE MOBILE MOBILE 

SWMU33bSB09-03 
2/U2005 

5-7 
MOBILE 

Formancd SWMU 336 Data.xls, SB Table 13 of 19 



APPENDIX E (Continued) 

Site Sample 1.D. 
Sample Date 
Dcph Range 
Laboratory: 

Semivolatile Orgnnlc Compounds (ugll 
2-Nitroaniline 
2-Nih-ophenol 
3.3'-Dichlombenzidine 
3-Nitroaniline 
4.6-Dinitm-2-~nethylphc~iol 
4-Bnnophcnyl-phenylether 
4-Chlom-3-methylphenol 
4Chlomanilim 
4-Chlomphenyl-pheny lether 
4-Methylphenol @Cresol) 
4-Nib'oaniline 
4-Nih-ophenol 
Accnaphthene 
Acenaphthylene 
Acelophenone 
Anthracene 
Aaarine 
Benzaldchydc 
Benzo(a)anthracenc 
Benw(a)pyrene 
Be~w(b)fluoranthcne 
Benzo(g,h.i)perylene 
Benzo(k)fluoranthcne 
Bis(2-chlomethoxy)~nethane 
Bis(2-ch1omthyl)ether 
Bis(2-elhylhexyl) Phthalate (BEHP) 
Butyl Benzyl Phthalate 
Capmlacla~n 
Carbazole 
Chtyscne 
Dibenz(a,h)anthracene 
Dibenzofuran 
Diethyl Phthalate (DEP) 
Dimethyl Phthalate 
Di-n-butyl Phthalate (DBP) 
Di-~roclyl Phlhalatc 
Fluoranthene 
Fluorene 
Hexachloroberuenc 
Hexachlorobutadienc 
~wachloroc~clopen~diene 
Hwachlomthane 

SUBSURFACE SOIL ANALYTICAL RESULTS 
SWMU 336 

RCRA INVESTIGATION - f f (M091 
MCB, CAMP LEJEUNF, NORTH CAROLINA 

SWMU336SB01-02 SWMU336SBOl-04 SWMU33bSB04-02 SWMU336-SB04-04 SWhtU336SBOSdl SWMU336-SB05-02 SWMU336-SB05-05 SWMU336-SB09-03 
2/112005 2/1/2005 2/1/2005 ZllROOS 2/IROOS ZllROOS 2/IRW5 ZNZOOS 

3-5 7-9 3-5 7-9 1-3 3-5 11-13 5-7 
MOBILE MOBILE MOBILE MOBILE MOBILE MOBILE MOBILE MOBILE 

Formatted SWMU 336 Data.xls, SB 

NA 
NA 
N A 
NA 
NA 
N A 
NA 
NA 
N A 
N A 
N A 
NA 
N A 
N A 
N A 
N A 
N A 
N A 
NA 
N A 
N A 
N A 
NA 
NA 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
NA 
N A 
N A 
NA 
N A 
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APPENDIX E (Continued) 

Site Sample I.D. 
Sample Date 
Depth Range 
Laboratory: 

Semivolatlle Organic Compounds (ugli 
Indeno(l.2.3-cd)pyrene 
Isophorone 
Naphthalene 
Nitrobenzene 
n-Nitrosodi-n-pmpylamine 
n-Nitrosodiphenylamhe 
Pentachloropheliol 
Phenanthrene 
Phenol 
Pyrene 
Metals (mglkg) 
Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 
Silver 

SWMU336-SB01-02 
2/1/2005 

3-5 
MOBlLE 

SUBSURFACE SOIL ANALYTICAL RESULTS 
SWMU 336 

RCRA INVFSTIGATION - CTO-0091 
MCB. CAMP LEJEUNE, NORTH CAROLINA 

SWMU33bSB01-04 SWMU33bSB04-02 SWMU336-SB04-04 SWMU336-SBOSdl SWMU336-SB05-02 SWMU336-SBO5-05 
2/1/2005 ~ I ~ O O S  z11~00005 2 l i n 0 0 ~  2/1/2005 2/1/2005 

7-9 3-5 7-9 1-3 3-5 11-13 
MOBILE MOBILE MOBILE MOBILE MOBILE MOBILE 

SWMU336-SB09-03 
2/2/2005 

5-7 
MOBlLE 

Formatted SWMU 336 Data.xls, SB Table IS of 19 



APPENDIX E (Continued) 

SAMPLE ID 
SAMPLE DATE 

Volatile Organic Compounds (ugh) 
1.1 .I ,2-Tebachlomethane 
1.1 ,I-Trichlomethane (TCA) 
1.1,2,2-Tetrachlomethane 
1 .I ,2-Trichloro-I2,2-trinuometha11e 
1.12-Trichlomethane 
I .l-Dichlomethane 
1.l-Dichlomethene 
1.1-Dichlompmpna 
1.2.3-Trichlombe~ie 
1,2,3-Trichloropmpane 
1,2,4-Trichlombc1ue1ie 
1,2,4-Trimethylbenzene 
1,2-Dibmmo-3-chlompmpane (DBCP) 
1,2-Dibromoethanc (EDB) 
1,2-Dichlombenzene (o-) 
1.2-Dichlomefhane 
1,2-Dichlomethene (cis) 
1.2-Dichlomethene (total) 
1,2-Dichlomethcne (trans) 
1,2-Dichloropmpane 
I .3,5-Trimethylbenm~e 
I,3-Dichlombenzene (m-) 
1,3-Dichlompmpane 
13-Dichlompmpene (cis) 
1.3-Dichlompmpene (trans) 
1.4-Dichlombe~uene @-) 
2.2-Dichlompropane 
2-Butanonc (MEK) 
2-Chlorotoluene 
2-Hexanone (MBK) 
4-Chlomtoluene 
Clsopmpyltoluene 
4-Methyl-2-pentanone (MIBK) 
Acetone 
Benzene 
Bromobeozene 
Bromwhlommethane 
Bmmodichloromethane 
Bmmoform 
Bromomothane 
Butylbenzene, sec- 
Butylbenzenc, tert- 

SWMU336GWOl 
04-03-2002 

HlST 

SWMU336-GWO2 
04-03-2002 

HlST 

GROUNDWATER ANALYTICAL RESULTS 
SWMU 336 

RCRA INVESTIGATION - CT04091 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SWMU33&TW03 SWMU336-TWO4 SWMU336-TWOS 
07-16-2003 07-16-2003 07-16-2003 

HlST HIST HlST 

SWMU336-TWO6 SWMU336GWD4-01 SWMU3364W09-01 SWMU336-GWOI 
07-16-2003 ZIf2005 2N2005 211/2005 

HlST FIXED FIXED MOBILE 

Formatted SWMU 336 Data.xls, GW Table 16 of 19 







APPENDIX E (Continued) 

SAMPLE ID 
SAMPLE DATE 

SWMU336-GW01-01 SWMU336-GWO4 
211R005 2/1/2005 
MOBILE MOBILE 

Volatile Organic Compounds (ugtl) (Cc 
Carbon Disulfide N A 
Carbon Tetrachloride 1 U 
Chlombenzene 1 U 
Chlomethane 5 U 
Chloroform 1 U 
Chloromethane 5 U 
Cyclohwcane N A 
Dibmmochlommethane 2 U 
Dibmmomethane 2 U 
Dichlorodiflwmlnetha~ie 5 U 
Ethylbenzene 1 U 
Hexachlombutadicne 5 U 
Isopmpylbetu+ne (Cumcne) 2 U 
Methyl Acetate- N A 
Methyl Cyclohcxanc N A 
Methyl Tat-Butyl Ether (MTBE) N A 
Methylene Chloride 5 U 
Naphthalene 5 U 
n-Butylbenzene 2 U 
n-Pmpylbeluene 2 U 
Styrene (Ethenylbenzene) 1 U 
Tetrachlomethene (PCE) 1 U 
Toluene 1 U 
Trichlorocthene (TCE) I U 
Trichlorofluomlnethane 5 U 
Vinyl Chloride 2 U 
Xylcnc. mlp 2 u 
Xylene, o- 1 U 
Xylenes, total N A 
Metals (uglL) 
Arsenic N A 
Barium N A 
Cadmium N A 
Chromium NA 
Lead N A 
Mercury N A 
Selenium NA 
Silver N A 

GROUNDWATER ANALYTICAL RESULTS 
SWMU 336 

RCRA INVESTIGATION - CTO-0091 
MCB, CAMP LKIEUNE, NORTH CAROLINA 

SWMU336GWOS SWMU336-GW05-01 SWMU336-GWOB 
2llROOS 2/1R005 214i2005 
MOBILE MOBILE MOBILE 

SWMU336-GW08-01 
214ROO5 
MOBILE 

SwMU336GWG9 
mi2005 
MOBILE 

SWMU336-GW09-01 
2RROO5 
MOBILE 

Formaned SWMU 336 Data.xIs. GW Table 19 of 19 
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APPENDIX F 

RAGS Part D Tables 





TABLE I (Cmliaued) 
SELECTION OF WWSURE PATHWAYS 

SWMU 336 
RCRA FACIWn INVESTIGATION (CT(UW91) 

MCB CAMP LEIEUNE, NORTH CAROLINA 

E,,,& Parhway.xb. f€xp Paths Rgclof 1 



TABLE 2.1 
OCCURRENCE DlSTRIBUIlON AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 
MCB CAMP LWEUNE. NORTH CAROLINA 

Page 1 of 4 



TABLE 2.1 
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENllAL CONCERN 

SWMU 336 
RCRA FACILITY INVESTIGATION (flOM)91) 
MCB CAMP LElEUNE. NORTH CAROUNA 



TABLE 2.1 
OCCURRENCE. DISTRIBUTION AND SELECNON OF CHEMICALS OF POENTIAL CONCERN 

SWMU 336 
RCRA FACILITY MVESTIGATlON (CTOMWI) 

MCB CAMP LSEUNE NORTH CAROLINA 



TABLE 2.1 
OCCURRENCE, DlSTRIBITTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN 

SWMU 336 
RCRA PACIlSlY WVJS'IGATION (ClUMW1) 

MCB CAMP LEIEUNE, NORTH CAROLJNA 

(I) J - Analyie p m m t  - Reported value is atirnaied 
U - N o t d a s h d  
UJ - Rcpolrcd quaotiration limit is qualified as estimated 

(2) Maximum consmtnriao wed for scnmiy 
(3) UCB C a p  lrjeunc Base Backgound Study, Final (Baker. 21731): 2 * Mran (In noodctsEs) - AOC 2 
(4) All ormc~~inogenic wi tch  vat divided by 10 to sfcount fa poienti$ additive effects ofchemicals 

USEPA Region IX Residmiial Soil COC Scrtming Valuc (derived from USEPA Rcgicm IX PRG Table - Ocroba. 20%) 
(5) Rntionale Coder 

Selection Reason: Above Xrrening Levels (ASL) 
Delctim R a m  b&ouod levels (BKG) 

&law S c m i n g  h d  (BSL) 

am&: N/A = NU A ~ ~ M L  
ND -Nor D u t d  
COPC - Chemical of P o t d  Coaorm 
ARARIlBC -Applicable or Rclcvaci and Appmpriale R e q u i r e d o  & ConsidsFd 

(6) No dcluticn limits givcn: d y t c  dctecred in every sample. 
(7) S c m i n g  kvel for 1.2.4-Trichlorobcarcnc 
(8) Saxenin6 value for 1 . 2 - d i & U e n e  (cis) uscd as a smogale. 
(9) Scr&ning value for 13-pmpcoe (local) uscd ar s m g a h  

(10) Scrcming level for hopropylknzPlc 
(I I) Saxniq  value for xyhvr  (total). 
(12) Scrrcning valuc for oaphthalene used as a glnogate 
(13) Screening value foraccllapbthcne usedas a s w o g u e  
(14) Scrocniog valve for py~cnc used as a surrogate. 





TABLE 2.2 
OCCURRENCE, DISTRtBUTION AND SELECTfON OF CHEMICALS OF POTENTLU CONCERN 

S W M U  336 
RCRA FACILITY LN\ZSTIGATION (CTO.GU91) 

MCB CAMP LUEUNE. NORTH CAROLNA 





TABLE 2 2  
OCCURRENCE. DISlRIBUllON AND SELECTION OF CHEMICALS OF FQTEhTIAL CONCERN 

SWMU 336 
RCRA FACILITY INVESTIGATION (00-0091) 
MCB CAMP LUEUNE, NORTH CAROLINA 

(1) J - Anawe pzscnt - Reported value is estimated 
U - Not d e t d  
UJ -Reported quantitalion limit is qualified as esziulilml 

(2) Maximw concmtion used for screening 
(3) MCB Camp Lcjeunc Base Backgmund Study, Final (Baker, 2001): 2 Mean (1R no@dctccls) - AOC 2 
(4) All nm-carcinogenic criteria w e e  divided by 10 to acwunt lor potential additive effects of chemicals 

VSEPA Region 1X Rssidrnlial Sail COC Screening Value (derived tom WEPA Region IX PRG Table - Ofiober, 20174) 
(3) Rationale Codes 

Selection Reason: AboveSmelling M s  (ASL) 
Dclction Reason: 8 a c k p u n d  Levelr (BKG) 

Below Screening Levd (BSL) 

(6) KO detection limits given: analytc detected in may sample. 
(7) Saeening Level fos 1,2,4-Trichlombautne 
(8) Sencning value for 1.2-dichlcr&ene (cis) used as a surrogate. 
(9) Scrrenins value far 19-dichl0r0propau (total) used as a sm-atc. 

(10) Scrceoing levd for lsopro~lbauenc 
(1 1) Scroenmg value fo rxyhrs  (mal). 
(12) Scnening value for naphthalene used as a sunogate 
(13) Scremiog value for ~ p b t h a c  used as a s u ~ o p t c .  
(14) Scnening value for pyrenc used as a surrogate. 

Page 4 of 4 

Dc€idioas: NIA = N a  Applif~ble 
ND - Not Dclcded 
COPC -Chemical dPorential Coocao 
A W C  - ApplicabIc or Rclward and Appruprh RquirrmtTTo Be Caosidad 



TABLE 2 3  
OCCURRENCE. DISTRIBVTION AND SELECTION OF CHWCAIS DP POTENTIAL CONCERN 

SWMU 336 
RCRA FAClLlTY INVESTlGATION (CTO-GU91) 

MCB CAMP WEUNE. NORTH CAROLINA 

Expome CAS I point I I Chemical Minimum 
concenuaum 
(Qudifla1 

Maximum 
ccmo~ntntion 

(QYaJifKI) 

0 
ND 
5 I 
ND 
ND 
ND 
ND 
ND 
NO 
IIJ 
ND 

L J 
170 
NO 
ND 
ND 
ND 
XD 
ND 
ND 
ND 
130 
ND 
ND 
ND 
WD 
ND 
ND 
41 
ND 
ND 
ND 
32 
31 
3 1 
ND 
ND 
ND 
ND 
ND 
XD 
25 
8.4 
I 1 
ND 
ND 
ND 
NO 
ND 
ND - 

Location Range of 

limila 

Concerntion Back- Swotling Potential I Value I T O X ~ U C  I *P*W 
value 

NIA NO 
NIA KO 
NIA NO 
NIA NO 
NIA NO 
NIA NO 
NIA NO 
NIA NO 
hVA NO 
NIA NO 
NlA NO 
NIA NO 
NIA NO 
NIA NO 
WA NO 
NIA NO 
NIA KO 
N/A NO 
NIA NO 
N/A NO 
NIA NO 
NIA NO 
WA NO 
NIA NO 
EUA NO 
NtA NO 
NIA NO 
NIA NO 
NIA NO 
WA NO 
N/A NO 
MA KO 
NIA NO 
NIA NO 
NIA NO 
NIA NO 
NIA NO 
NIA NO 
NIA S O  
NIA NO 
NIA NO 
NIA NO 
NIA NO 
NIA NO 
NIA NO 
NIA NO 
K/A NO 
NIA NO 
NIA SO 



TABLE 2 3  
OCCURRENCE, DISIRIBUIION AND SUECnON OF CHEMICALS OF POTENTIALCONCERN 

SWMU 336 
RCRA FACILIN MVESTIOATlON(CTOd0911 

CAS Chemical Minimum 
N m i w  I concanbation 

Volatik Orgaok Comprmndr (ul 
124-48-1 Dibm~nwhlommclhane 
74-95-3 Dibmmomcthanr 
75-71-8 DicMcdifluoromdhanr 
100414 Wlylbemnc 
87-68-3 Haachlorobtadimc 
9 W - 8  Isopropylbaucne (Cwnanc) 
79-3-9 Mclhyl Acdale 
108-87-2 Methyl Cydohcxane 
1634-Cd-i Methyl TatBulyl Ethu (MTBE) 
7 5 4 M  Methylme Chloride 
9 1-103 Naphthalene 
104-51-8 n-Butylhmae 
103-65-1 n-Propylbcnrmc 
10042.5 Styrene (Ethenylbenrene) 
127-184 T d n c h l o r o h  pCE1 
108-88-3 Toluene 
79-0 1-6 Triehlorocthenc (TCE) 

75-01-4 Vinyl Chbridt 
000MXHll-4 Xykne,nJp- 

95-47-6 Xykne, 0. 

1330-20-7 Xyknea, total 
SemivdatUc Organic Compound 

92-52-4 1.1'-Biphenyl 
1 OWL?-1 2,2'-Oxybir[ l -chloropropMej 
92-95-4 2.4.5-Trichloropknol 
8845-2 2,4,6-Trichlomphmol 
1?083-2 f4-Dichlorophenol 
10S-67-9 f4.Dimothylphcnol 
51-28-5 2.4-Dinib~phmol 
121-14-2 2,4-Dimitmtolucne 
606-20-2 2,6-Diniwfoluolc 
9 1-58-7 2-Chlormuphulalene 
95-57-8 2Chlorophenol 
91-57-6 I-hlethyhphthalene 
9548-7 ?-Methylphenol (oC&) 
88-744 2-Nimil ine 
88-75-5 2-Nitrophenol 
91-91-1 3f'-DichIorobcnridinc 
99-OM 3-Nitrmiline 
534-52- 1 4bDmilro-2-mclhylphenol 
101-55-3 4Bromophenyl-phmylc~hu 
59-50-7 4-Chloro.3-mnhylphend 
106-41-8 JChhtoanilinc 

70OS-n-3 4Chlorophmyl-pholylclhu 
106-445 4Mcthylphcnol (p-G-esoI) 
IW-01-6 4 N i i l i m e  

of Maximum ""' 1 c;z:m Detccrion Ranged 

"-y1 Dz; 1 
NJA 
NJA 
N/A 
NIA 
WA 
NIA 
NJA 
NJA 
NIA 
N/A 
N/A 
NIA 
NIA 
NIA 
NIA 
N/A 
N/A 

WD N A 791Et0I C N/A 
5.8 2.71E+O(Ei "" NJA 
4.5 / 1 2 . 1 ! , E 2 i J 1  1 NJA ND NIA 

Potential 
ARARITBC 

Solucc 

NJA 
N/A 
NJA 
NJA 
N/A 
WA 
NIA 
NIA 
NIA 
NJA 
NJA 
N/A 
N/A 
NIA 
NIA 
NIA 
WA 

NIA 

N/A 
NIA 
NJA 
NIA 

NJA 
NJA 
NJA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
WA 
NIA 
NJA 
N/A 
NJA 
NIA 
NIA 
XIA 
NIA 
W A  
NIA 
WA 
WA 
NJA 
NJA 
NIA 
P 



TABLE U 
OCCURREKCE, DIS'IRIBLnON AND SELECTION OF CHEMICAL3 OF POTENTIAL CONCERN 

SN'MU 336 
RCRA FAClLlTY MVES'IIGATIOX ('304091) 

MCB CAMP LETUME. NORTH CAROLINA 

Range of ' B.-d Sasming Potential Potcnlial COPC Rationale for 
Toxicity V.lue ARAIUTBC A R A m C  Fbg Selection m 

acuiorp Limb ) qz ( I 0 1 value ( Source 1 (YN) 1 Deletion 1 
N A 3.68EM5 y,:, 
h'A 3.68E+OSN ~ NA KIA 
N A 2.19- N 
NA 2.19EM3 C 
NA 6.11EMSN 
N A 6.21E+02 C 
N A 6.21E+01 C 
?4 A 621E102 y,., 
NA 232EtOSN 
NA 6 2  LEN3 C 
NA NIA 
NA 2.18EtO2 C 
N A 3.47EM C 
N A 1.22E+06 N 
N A 3.06E+06 N 
N A 2.43- C 
NA 621EM4C 
NA 6.21EM1 C 
NA 1.4SEW N 
NA 4 .89Ea  N 
NA 6.1 lEtO7 N 
N A 4IlEtOSN 
N A L44EMS N 
NA 2.29EtOJ N 
NA 2.75MSN 
NA 3.OdE+OZ C 
NA 624EtO3 C 
NA 3.65EW N 
N A 3.47Et04 C 
N A 6.21EM2 C 
N A S.l2E+0S C 
N A 5.59EM3 N 
N A 1 .%EM3 N 
NA 6.9SE+OI C 
NA 9.93Et04 C 
NA 298EtO3 c,,, 
NA 2.32EcOSN 



TABU3 23 
OCCURRENCE. DLSTRlBUTION AND SElECllON OF CHEMICALS OF POTENTIAL CONCERN 

SWMU 3% 
RCRA FACILITY INVESTIOATION (CT04091) 
MCB CAMP LUELlhE, NORTH CAROUNA 

Chemical tocllim, DcrcEtioa Ranpar  Conscdon  8 .~k~mmd Sersaniog Polential Potrntinl COPC Rationaleh 
ofManimum Fmqumcy Detection Uselfor Toxicity Vaiuc ARAMBC ARAMBC SelMion or 

concmeation I I Limb I Weuiw I I (t-llc) 1 valu I h m a  I (% 1 tJeMim I 
Subhurface 

Soil ND ND m& XD Oi l  028U-12U ND 2.69 3.90M1 C WA WA NO ND 
7.1 17.71 rn& SWMU336SBW2 S.4 (6) 17.7 3 . 7  S.3lEtO-N N/A NIA NO BSL 

0.11 J a12J m& SWhSU33bNIO5.04 I/8 0.04U -0.11U 0.12 ND 3.70E+OON NIA NIA KO BSL 
6.2 198 nu& SWMU336SBOSdZ 9 8  O.1SU -0.16U 19.8 24.0 2.1 IE+O? C NIA NIA NO BSL 
4.5 J 10 (6) r 10 14.1 4.00E+02 N NIA NIA NO BSL 

(I) J - Ahllytepraau- Repond value isestimated 
U-Nc(&Wed 
UJ- Rcgorted quantimtion limit is qualified as sl im 

(?) Maximum c o ~ n u a t i o n  u d  cdr screening 
(3) MCB Cmp Lejounc Base Background Sludy, Final (Baka, 2001): 2 Meas (1R mndetsu) - AOC 2 
(3) An nontarcinlgenic critma uerc divided by 10 to accoclll for potmtial additive effenaof chemicals 

USEPA Regton IX ReridmlLl Soil COC Screcaing Value (derive4 firm USEPA Region IX PRG Tabk - Odober. 2004) 
(I) w i  Cadea 

Selection Reason: LWaw Screening b d  (BSL) 

Detinitiions: NIA -Not Applicable 
ND - Na aaected 
COPC - Cbmud of Porcntial C o o c s ~  
A M R l T W  - A M  a Rs*vnm and A p -  R?quimmano Be Conridud 

(6) No detection lirniu given; analyte detected in every sample. 
(7)  Screening level for 1 ,?.d-Tricblorobeozene 
(8) Scmning value f a  I .?-diioroclhmc (cis) used as a surrogate. 
(9) Srraoing value for l.3didhopropmc (total) u. 

(1  0) Scraniy level far lsopropylbmzw 
(I I) Summg value fa xylac~(mlal). 
(12) Spsenbgvaluc fa naphf)u]ae lurd as a surrogate 
(13) Screening value far acmaphthmc used as a surrogale. 
(14) Suwniug value fa pyeoe used as a m g a t c .  



TABLE 2.4 
OCCURRENCE. DISTRIBUTION AAD SELECTION OF CHEMICALS OF POTENllAL CONCERN 

SWMU 336 
RCRA FAClLlW MVES'IIGAllON (CT00091) 

MCB CAMP LWWNE, NORTli CAROLINA 





TABLE 2.5 
OCCURRENCE, DlSTRLBUnON AND SELECTION OF CHEMICALS OF POTWT(AL CONCERN 

SWMU 336 
RCRA F A C I U N  INVFSTIGATION (-1) 

MCB CAMP LUEUNE, NORTH CAROUNA 



TABLE 2.5 
OCCURRENCE, DSTRIBUTIONAND SELECTION OF CJiEhilCALS OF POTPmAL CONCERN 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB ChMP LWEUNE, NORTH CAROLINA 

(I) J - A W c  preunt - Reponed vahc is estimated 
U -Not detected D c W ~ I :  ND - Not Ddtdd 

COPC - Ckmicd ofPotDntisl Ccryan 

(2) Maximum unccnhalion used fa rrscning ARAWBC - Appliuble or Relevant and Apprawktc Rcquiruncnflo Be Conaided 
(3) hlCB Camp Ljeune Base Bactgmund Sludy, Fin$ (Baku, 2031): 2 Mean ( IR nondaau) - AOC ? MCL- M..imm C h ~ u m h u  Lcvds (Wi. 2W) 
(4) XorlhCarolina Department dEnvir'mment and N U a l  Rcururccs(NC DENR) 

Target Groundwatsta Conrntation C-Cadmgmie upt  - mimpamprlitcr 
(5) Ratianalc Coder N - N&s~ciw&mic 

Sdation Reason: KO Smaing  Crilaia 
A b o ~ ~ c S a a a i q  k& (ASL) 

Ddnion Rcamn: Wow Sacming Lcsd (RSL) 
(6) No dastion limits given: analyv detecled in c v y  ramplr (1 1) Sasening vdue for xyIme.5 (total). 
(7) Screening level for 1~,4-Trichlombcnme 19) Screming value for I ZdichIomprapcnc ( t d )  vscd ar a sm8atc. (12) AcMn level for lead 
(8) SPcpling value for 12-dichlome(hcne (cis) used ap a wmgac. ( I  0) &#ring k c 1  for lo pro^ 



TABLE 3.1 .RME 
EXPOSURE POINT CONCENTRATION SUMMARY 

REASONABLE MAXIMUM EXPOSURE 
SWMU 336 

RCRA FACILITY INVESTIGATION (CTO-009 1) 
MCB CAMP LEJEUNE, NORTH CAROLINA 

EPC = Exposure Point Concentration 
UCL = Upper Confidence Level 
For non-detects, 112 sample quantitation limit was used as a proxy concentration. 

(1) Distribution and 95% UCL were calculated by ProUCL and are indicated as follows: 
(G) - Gamma distribution and 95% UCL 

(2) Exposure point concentration statistic will be the 95% UCL (as calculated by ProUCL). 

Scenario Timeframe: Current 
Medium: Surface Soil 
Exposure Medium: Surface Soil 

Page I of l 

Exposure Point 

Surface Soil 

95% UCL 
(Distribution) 

(1) 

5.15 (G) 

Maximum 
Concentration 

(Qualifier) 

4.4 

Chemical of 
Potential Concern 

Cadmium 

Exposure Point Concentration Units 

mgflcg 

Rationale 
(ProUCL Test) 

95% Approximate Gamma UCL 

Arithmetic 
Mean 

1.19 

Statistic 

(2) 

95% UCL (G) 

Value 

5.15 

Units 

mgkg 



TABLE 3.2.RME 
EXPOSURE POJNT CONCENTRATION SUMMARY 

REASONABLE MAXIMUM EXPOSURE 
SWMU 336 

RCRA FACILITY MVESTIGATION (CTO-0091) 
MCB CAMP LEJEUNE, NORTH CAROLINA 

EPC = Exposure Point Concenhation 
UCL = Upper Confidence Level 
For non-detects, 112 sample quantitation limit was used as a proxy concentration. 

Exposure Point 

Surface Soil 

(1) Distribution and 95% UCL were calculated by ProUCL and are indicated as follows: 
(G) - Gamma distribution and 95% UCL 

(2) Exposure point concentration statistic will be the 95% UCL (as calculated by ProUCL). 

Scenario Timeframe: Future 
Medium: Surface Soil 
Exposure Medium: Surface Soil 

Page 1 of 1 

1 

Maximum 
Concentration 

(Qualifier) 

4.4 

Chemical of 
Potential Concern 

Cadmium 

Arithmetic 
Mean 

1.03 

Units 

mgflcg 

95% UCL 
(Distribution) 

(1) 

4.16 (G) 

Ex3osure Point Concentration 
Value 

4.16 

Units 

mgkg 

Statistic 

(2) 

95% UCL (G) 

Rationale 
(ProUCL Test) 

95% Approximate Gamma UCL 



TABLE 3.3.RME 
EXPOSURE POINT CONCENTRATION SWh4MARY 

REASONABLE MAXIMUM EXPOSURE 
S W U  336 

RCRA FACILITY INVESTIGATION (CTO-0091) 
MCB CAMP LEIEUNE, NORTH CAROLINA 

EPC = Exposure Point Concentration 
UCL = Upper Confidence Level 
For non-detects. 112 sample quantitation limit was used as a proxy concentration. 

(1) Distribution and 95% UCL were calculated by ProUCL and are indicated as follows: 
(NP) - Non-parametric distribution and 95% UCL 
(G) - Gainma distribution and 95% UCL 

(2) Conservative estimate using the maximum concentration 

Scenario Timeframe: Future 
Medium: Groundwater 
Exposure Medium: Groundwater 

Page 1 of 1 6/30/20OS 

95% UCL 
(Distribution) 

(1) 

3.29 (NP) 
3.32 (G) 

22.5 (NP) 

Arithmetic 
Mean 

2.13 
2.33 
4.08 

Exposure Point 

Groundwater 

Maximum 
Concentration 

(Qualifier) 

0.73 J 
5 
27 

Exposure Point Concentration Chemical of 
Potential Concern 

1 J,3-Trichlorobenzene 
Naphthalene 
Tetrachloroethene (PCE) 

Units 

pglL 

p d L  

Value 

0.00073 
0.005 
0.027 

' Statistic 
(2) 

Max 
Max 
Max 

Units 

m f i  
mg/L 
mg/L 

Rationale 

Conservative Estimate 
Conservative Estimate 
Conservative Estimate 



TABLE 4.1 .RME 
VALUES USED FOR DAILY W A K E  CALCULATION5 

SWMU 336 
XCRA FACILITY INVESTIGATION (CT00091: 

MCB CAMP LEJEUNE, NORTH CAROLINA 

wosure Receptor 
Roule Population 

Receptor 
A S  

Pmamettr Def~tion 
Point 

Rationale/ 
Reference 

I 

Intake Equabbn' 
Model Namc 

Ingestion I 
Contaminant Comtratioa ia Soil 
Ingestion Rate of Soil 
Convmiocl Factor 
Fraction Ingested fmm Source 
Exposure Fnguency 
Exposure Dwtion 
Body Weight 
Avemging T i m  (Cancer: 
Averaging Time (Non-Cancer) 

Current 
Military Base 

Personnel 

Adult Surface Soil C 
IR-S 
CF 
FI 
EF 
ED 
BW 

AT-C 
AT-N 

I Chemical Specific 
100 

1 .OOE-06 
1 
250 
4 
70 

25,550 
1,460 

msikg 
mglday 
kg/mg 
NA 

dsys/u= 
yean 
kg 

days 
dafl 

Cbmial Specific 
USEPA, 1993 
USEPA. 1989 

Rof Judge 
USEPA, ZOO1 

Std Tour of Duty 
USEPA, 1997 
USEPA. 1989 
USEPA, 1989 

CDI (mg;kg-day) = 

CxIRxCFxFixEFxEDxl!BWxliAl 

Adolescent Surface Soil C 
IR-S 
CF 
Fl 
EF 
ED 
BW 

ATC 
AT-N 

Contuninant Cooantration in Soil 
lngestion Rate of Soil 
Convefiion Factm 
Fraction Ingested 6om Source 
Ex~osm Fwuency 
Exposun Duration 
Bcdy Weight 
Averaging Time (Cancer: 
Avemging Tie (NonCancer) 

Chaniid Specific 
USEPA 1993 
USEPA. 1989 

Prof Mge 
Prof Judge 

USEPA. 2000 
USEPA, 1997 
USEPA, 1989 
USEPA. 1989 

Adult Surface Soil C 
IR-S 
CF 
FI 
EF 
ED 
BW 

AT-C 
AT-N 

Contaminant C o n c e ~ o o  in Soil 
Ingestion Rate of Soil 
Conversion Factor 
Fraction Ingested fmm S o w  
Exposurt Frcqueney 
Expollure h t i m  
Boay Weighl 
Avemging Time (Cancer: 
Averaging Time (Non-Cancer) 

Chemical Specific mgkg  
100 mg,'day 

1.00E06 k i V ~  
1 N A 

350 &Wear 
24 Y e -  
70 kg 

25,550 days 
8.760 ~ Y S  

Chemical Spccifi mglkg 
200 mdday 

I.OOE06 k#=g 
1 NA 

350 days'year 
6 Years 
15 k3 

25,550 days 
2.190 dam 

Chemical Specific 
USEPA, 1993 
USEPA, 1989 

Prof Judge 
USEPA, 2001 
USEPA, 1993 
USEPA, 1997 
USEPA, 1989 
USEPA 1989 

Chemical Specific 
USEPA, 1993 
USEPA, 1989 

RorJudgc 
USEPA. 2001 
USEPA, 1993 
USEPA. 1997 
USEPA. 1989 
USEPA. 1989 

Page l of 14 



TABLE 4.1.RME 
VALUES USED FOR DAILY INTAKE CALCULATION! 

SWMU 336 
RCRA FACKITY INVESTIGATION (CT00091: 
MCB CAMP LEJEWE. NORTH CAROLINA 

Receptor Wramaer Dcfnition Intake EquaIion, 
Model Name I 

(Cont) Future Adult Surfacs Soil 
Construction Workers 

Dcml 

Current Adult Surface Soil 
Military Base 

Personnel 

FUW Adolacen! Surface Soil 

C 
IR-S 
CF 
FI 
EF 
R) 
BW 

AT-C 
AT-N 

Conamimnl Conccaeation in Soil 
Ingestion Rate of Soil 
Conversion Fa- 
Fmtion Ingested lZom S o m  
Exposure F ~ ~ c n c y  
Exposure Duration 
Body Weigh 
Avenging T i m  (Cancel: 
Avemging Timc (Non-Cancn) 

Chemical Specific 
USEPA, 1993 
USEPA. 1989 
Pmf Ldgc 

USEPA, 2001 
Rof Judgc 

USEPA, 1997 
USPA. 1989 
USEPA, 1989 

Chanical Spccitic 
USEPA, 1989 
USEPA, 2001 
USEPA, 2001 
USEPA, 2001 
USEPA. 2001 

Sld Twr of Duly 
USEPA, 1997 
USEPA, 1989 
USEPA. 1989 

Chmical Specific 
USEPA, 1989 
USEPA, 2001 
USEPA. 2001 
USEPA, 2W1 

Pmf Judge 
USEPA, 2000 
USEPA, 1997 
USEPk 1989 
USEPA, 1989 

CDI (mgkgday) - 
CxIRxCFxFixEFxEDx118Wxl/Al 

DAD (mgkgday) = 
C x C F x S A x A F x A B S x E F x E D ~  

llBW xllAT 

DAD (w/kg-Qy) = 
C x C F x S A x A F x A B S x E F x E D ,  

1/BW xllAT 

Page 2 of 14 



TABLE 4. I .RME 
VALUES USED FOR DALY INTAKE CALCULATION! 

SWMU 336 
RCRA FACILITY INVESnGATION (CTO-M)91: 

MCE CAMP LEJEUNE, NORTH CAROLMA 

Receptor 
Route Population 

Receptor Exposure Pmmtfer Pammettr Defktion I Age / h i n t  I Code 1 Intake Equatiolll 
Model Name 

Demal 
(Cont) Fuhue 

Residents 
Young Child Surface Soil C 

CF 
SA 
AF 

c 

ED 
BW 

A T C  
AT-N 

Crmraminant C o m b a t i o n  in Soil 
Cmvetsion Factor 
S u r h a  Area Availabb for Contact 
Soil to Skin Adherence Factoi 
Absoption Facmr 

Body Weight 
Averaging Time (Cancer: 
A v w  Tie (Non-Caacsr) 

Adult SuIfact Soil C 
CF 
S A 
AF 

ABS 
EF 
ED 
BW 

A T 4  
AT-N 

Contaminant Concenmtion in Soil 
Conwnion Factor 
Surface Area Available for Contau 
Soil to Skin L j n n c c  Facta 
Absorption Factor 
Exposure Fttquency 
Eapww Duration 
Body Weighl 
Avemging Time (Canar; 
Averaging Time (NorrCanccr) 

Chemical Specific 
1 .WE46 

2,800 
0.2 
(1) 
350 
6 
15 

25,SSO 
2,190 

Cbcmica1~pecific 
USEPA. 1989 
USEPA. 2001 
USEPA, 2001 

' USEPA, 2001 
USEPA, 2001 
USEPA, 1993 
USEPA, 1997 
USEPA, 1989 

, USEPA. 1989 

DAD (mgikgday) = I C ~ C F ~ S A ~ A F ~ A B S I C F ~ E D ~  

Chemical Specific 
1 .WE-06 

3,300 
0 2  

u0 
1 

70 
2SSM 

1 365 

mc3 
w m s  

cm2fday 
me/Fd 

NA 
daydyear 

years 
kg 

Chemiial Specific 
USEPA, 1989 
USEPA. 2001 
USEPA, 2001 
USEPA. 2001 
USEPA, 2001 

Prof Judge 
USEPA. 1997 
USEPA, 1989 
USEPA, 1989 

DAD (mgilyday) = 
C X C F A S A X A F X A B S X E F X E D J  

1:BW xliAT 

&& 

(1) In the absense of USEPA RAGS Part E ABS values, USEPA Region IV defsult values of 0.01 organics and 0.001 fm inorganics were usec CDI -Chronic Daily Intake 

Chemical spec if^ - See Table 3.1 DAD - Demlly  Adjusted Dose 

Prof Judge - Professional ludgmnt 
Std Tour of Duty - Standard Tour of Duty 

&!Ez& 

USEPA, 1989: Risk Assessment Guidance for Superfund Vol I,  H u n m  Healtb Evaluation Manual, Part A. OERR EPA/54011-89iW 
USEPA, 1993: " S u p e ~ ' s  Standard Default Exposure Factors for thc Centml Tendency and bisonable Maximum Exposun.' November, 199 
USEPA, 1997: Exposure Factors Handbook. Vol. 1: G e m 1  Factors. ORD. EPA!600iP-9Si002Fa 
USEPA, 2000: Supplemental Guidance to RAGS: Region 4 Bulletins: Human Health Risk Assessmen 
USEPA, Z O W :  Risk Assessment Guidance for Superfund Vol 1, Human Health Evaluation -1 (P& E, Supplemental Guidance for Dsrmal R i a  Assessment). EPAlS&R-99iOC 



TABLE 4. IaRME 
VALUES USED FOR DAILY INTAKE CALCULAnONl 

SWMU 336 
RCRA FACILITY INVESTIGATION (CT€)-0091: 

MCB CAW LUEUNE, NORTH CAROLMA 

C x I R x E T x E F x E D x I ~ P E F ~  
llBW xl!AT 

C x I R x E T x E F x E D x  l:TEFr 
IWWxliAT 

C x I R x ~ x E F x E D x l / P E F ~  
c Emission Fact01 IIBW xlIAT 

C x I R x E T x E F x E D x I I P E F ~  
1!BW xl/AT 



TABLE 4.1a.RME 
VALUES USED FOR DAILY INTAKE CALCULATION! 

SWMU 336 
RCRA FACILITY INVESTIGATION (CT0-0091: 

MCB CAMP LEJEUNE. NORTH CAROLMA 

Construction Workers 

1:BW xl/AT 

NQm 
(1) In the absense of USEPA RAGS Part E ABS values, USEPA Region IV default values of 0.01 organics and 0.001 for inorganics were usac CDI - Chronic Daily Intake 

Chemical Specific - See Table 3.1 
Prof Judge -Professional Judpen 
Std Tour of Duty - Standard Tour of Dut) 

SQmm 
Cowherd. ct al., 1995: Rapid Assessment of Exposure to Particulate Emissions from SurFace Contamination OHEA. EPN60ag-85/00: 
USEPA, 1989: Risk Assessment Guidance for Sup& Vol I ,  Human Health Evaluation MUIII~~.  Part A. OERR EPMWI-89/00: 
USEPA, 1991: Risk Assessment Guidance for Supertimd Vol1, Human Health Evaluation Manual Supplemental Guidanec: Standard Default Exposlposurc Factnr 
USEPA, 1993: "Supcrhds Standard Default Exposure Factom forthe Central Tcndcacy and Reasonable Maximum Exposure." November, 199 
USEPA, 1997: Exposure Factors Handbook. Vol. 1: Geneal Factors. ORD. EPN6W,T-95/002Fa 
I ISEPA. 2000: Suo~lemcntal Guidance lo RAGS: Rerion 4 Bulletins: Human Health Risk Assessmen - - - - . - , - . . 
USEPA, 2004: Risk Assessment Guidance for Superfund Vol I, Human Health Evaluati~ M d  (Part E, Supplemental Guidance for D d  Risk Assessment). EPA/S40/R-99!OC 
USEPA, 2001a. Drafl Supplemental Guidance for Developing Soil Screening hwls for Superfund Sites. OSWER 9355.424. 

DAD - Dennally Adjusted Dose 



TABLE 42.RME 
VALUES USED FOR DAILY INTAKE CALCULATION: 

SWMU 336 
RCRA FACILfTV WESTIGATION (Cr00091: 

MCB CAMP LUEUNE. NORTH CAROLWA 

C x I R - W X E F X E D X ~ ~ B W X I I A ?  

CxIR-WxEFxEDx l/BWx VAT 

DAD (mglkgday) = 

(C*CFbKp*SA'EF*ED'~(BW*AT 



TABLE 4.2.RME 
VALUES USED FOR DAILY INTAKE CALCULATION! 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-M)91: 

MCB CAMP LEIEUNE. NORTH CAROLINA 

DAD (mglkg-hy) - 
(OCF*Kp*SA*EF*ED*ET)/(BW*AT 

ownics: ET > p 
(C'CF*~*(ET~(I+B~~*~~U*((~+~*B~(I+B)))*SA*EF'ED~(BWA~ 

DAD (mckgday) = 

(C*CF*KpgSA*EF*EDgET)!(BW*AT 

{C*CF*(2*Kp*sQRT(6%u*FT/pi))*SA'EF*EDY( 

N&& 

( I )  In the absenseof USEPA RAGS Pan E ABS values, USEPA Region 1V default values of 0.01 organics and 0.001 fw inorganics were usec CDI - Cbmnic Daily Intake 

Chelnical Specific - See Table 32 DAD - Demully Adjuted Dose - 
USEPA. 1989: Risk Assessment Guidance for Supemurd Vol 1, Human Health Evaluation Mmua), Pan A. OERR EPAi540/1-89/00: 
USEPA, 1993: 'SupeWs  Standard Default Exposure Facton forbe  Central Tendency and Reasonable Maximum Exposure.' November, 199 
USEPA, 1997: Exposw Factom Handbodr Vol. I :  General Factm. ORD. EPA/60(YP-95/002Fa 
USEPA, 2004: Rislc Assessment Guidance for Superfund Vol I ,  Human Health Evaluation Manual (Patl E, Supplemental Guidance for Dermal Risk Assessment). EPA/54QZC-99tW 



TABLE 4.2a.RME 
VALUES USED FOR DAILY m A K E  CALCULATIONS 

SWMU 336 
RCRA FACILmY MVESTIGATION (CTO-0091) 

MCB CAMP LUEUNE, NORTH CAROLINA 

Medium: Groundwater 
re hledium: Air 

Parameter Definition 

C x IR-W x EF x ED x IIBW x IIAT 

(1) In the abseweof USEPA RAGS Part E ABS values, USEPA Region IV default values of 0.01 organics and 0.00 1 for inorganics were used. 

Chemical Specific - SeeTablc 3.2 

CDI -Chronic Daily Intake 

DAD - Dermally Adjusted Dose 

USEPA, 1989: Risk Assessment Guidance for Superfwd Vol 1, Human Health Evaluation Manual, Part A. OERR. EPNS4011-89M02 
USEPA, 1993: "Superfund's Standard Default Exposure Factors for the Central Tendency and Ramable Maximum Expasure." November. 1993. 
USEPA, 1997: Exposure Factors Handbook. Vol. 1 : General Factom. Om. EPA1600/P-95/002Fa. 
USEPA, 2001: Risk Assessmen1 Guidance for SuperfUnd Vol 1, Human Health Evaluation Manual (Part E, Supplemental Guidance for Dennal Risk Assessment). EPA/5401R-99/005. 

Exposure Parametus.nls, GWi 



TABLE 4.1.CT 
VALUES USED FOR DAILY INTAKE CALCULATIONS 

S W M U  336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB CAMP LUEUNE, NORTH CAROLINA 

(IScenario Timeframe: Current Future 11 
Medium: Surface Soil 
Exposum Medium: Surface Soil 

CxIRxCFxFixEFxEDxl/BWxI/AT 

lable for Contact 
DAD (mglltgday) - 

CxCFx SAxAFx  ABSxEFxEDx 
1BW xl/AT 

Exposure Paramctns.xls, cSS 



TABLE 4. I .CT 
VALUES USED FOR DAILY INTAKE CALCULATIONS 

SWMU 336 
RCRA FACILEY INVESTIGATION (CTO-0091) 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Medium: Surface Soil 

CxCFxSAxAFxABSxEFxEDx 
llBW xl/AT 

(1) In the absense of USEPA RAGS Part E ABS values, USEPA Region IV default values of 0.01 organics and 0.001 for inorganics w m  used CDI - Chronic Daily Intake 

Chemical Speei& - See Table 3.1 
Prof Judge - Professional Judgment 

DAD - Damally Adjusted Dose 

Sources: 
USEPA 1989: Risk Assessment Guidance for Superfund Vol 1, Human Health Evaluation Manual. Pan A. OERR. EPAIS40/1-B9H)02. 
USEPA 1993: "Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Expure." November, 1993. 
USEPA, 1997: Exposure Factors Handbook. Vol. 1: General Fsctm. ORD. EPNW-95/002Fa 
USEPA, 2004: Ri Assessnent Guidance for Superfund Vol 1, Human Health Evaluation Manual (Part E, Supplanmtal Guidance for Dermal Risk A m ) .  EPN540fR-991005. 



TABLE 4.la.CI 
VALUES USED FOR DAILY [NTAKE CALCULATION! 

SWMU 336 
RCRA FACILlTY CNVESIIGATION (CTO-0091: 

MCB CAMP LEIEUh'E NORTH CAROLINA 

CxIR x ETx EFxEDx 1;PEFr 
I:BW xl/AT 

CxIRxETxEFxEDxl lPEFr 
1iBW xlJAT 

Ns!!Gi 

(I) In the absense of USEPA RAGS Part E ABS values, USEPA Region IV default values of 0.01 organics md 0.001 for inorganics were usa CDI - Chronic Daily Intake 

Chemical Specifs - S n  Tabk 3.1 DAD - Dnmally Adjust4 Dow 

Cowherd, ct al., 1995: Rapid Assessment of Exposure to Particulate Emissions from Surface Contamination OHEA. EPA/600/8-85100: 
USEPA. 1989: Risk Assessment Guidance for Superfund Vol I ,  Human Health Evaiuation Manual. Pmt A OERR EPA1540/1-89mO: 
USEPA, 1993: "Superfund's Standard Default Exposurc Factors far the CcnhaI Tendency and Reasonable Maximum Exposm." November, 199 
USEPA. 2004: Risk Asswsment Guidance for Superfund Vol 1. Human Heallh Evaluation Manual (Part E, S u p p l e d  Guidance for Dermal Risk Assessment). EPA/54Q&-99!0C 



TABLE 4.2.CI 
VALUES USED FOR DAILY INTAKE CALCULATION! 

SWMU 336 
RCRA FACILITY WVESnGAllON (CTO-0091: 

MCB CAMP LEIEUNE. NORTH CAROLINA 

CxIX-WxEFxEDxl iBWxltAT 

C x IR-W x EF x  ED x liBW x IIA? 

DAD (rngkgday) = 

(C*CF*Kp*SA*EP*ED.nh1(BW*AT 



TABLE 4 . 2 . U  
VALUES USED FOR DAILY INTAKE CALCULATiON! 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091: 

MCB CAMP LEJEUNE. NORTH CAROLINA 

w 
(1) In the absense of USFS'A RAGS Part E ABS values. USEPA Region IV default MhKs of 0.01 organic3 and 0.001 for inorganics were usa CDI - Chmnic Daily Intake 

Chemical Specific - See Table 3.2 DAD - D c d y  Adjusted Dox 

sQ!ms 
USEPA, 1989: Risk Assessment Guidance for Superfund Vol 1, Human Health Evaluation Manual, Pan A. OERR EPN5W1-89tW: 
USEPA, 1993: " S u p ~ s  Standard Default Exposu11: Facto~s forth Cenbal Tendency and Reasomable Maximum E.xposure." November. 199 
USEPA, 1997: Exposurr Factors Handbook Vol. 1: GeneralFactors. ORD. EPA~600/P-95/002Fa 
USEPA, 2004: Risk Assesgnent Guidance for Superfund Vol 1, Hwnan Health Evdmrion Manual (Part E. Supplemntal Guidance for Dermal Risk Aaseasment). EPA154aiR-99:W 

Page l3of l4  



TABLE 42aCT 
VALVES USED FOR DAILY INTAKE CALCULATION! 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091: 

MCB CAMP LUEUNE, NORTH CAROLINA 

m 
( I )  In the absense of USEPA RAGS Part E ABS values. USEPA Region IV default values of 0.01 organics and 0.001 for inOrgan& w m  usu 

Chemical Specific - See Table 3.2 

CDI - Chronic Daily lntakc 

DAD - D t m l l y  Adjusted Dose 

USEPA, 1989: Risk Assessment Guidance for Superfund Vol 1,  Human Health Evaluation Manual, Part A. OEM. EPM4011-69/00: 
USEPA, 1993: "Supwfund's Standard Default Exposure Factors fortbe Central Tcndencyand Reasonable Maximum Exposure." November, 199. 
USEPA, 1997: Exposure Factors Hxndbook. Vol. 1 : General Factors. ORD. EPA1600'P-9YMnFa 



TABLE 5.1 
NON-CANCER TOXICITY DATA - ORAUDERMAL 

SWMU 336 
RCRA FAClLlTY INVESTIGATION (CTO-0091) 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Notes: 
(1) Refes to the risk calculation spreadsheets presented in Appendix H 
(2) Adjusted dermal RfD =Oral RfD * Adj Factor 

NA = Not Applicable 

( I  ) - Values for 1,2,4-Trichlorobenzene 

Combined 
Uncertainty/Modi€ying 

Factors 

1000/ 1 
300Of 1 
1 OOO11 

lot1 

RfD:Target Organ(s) 

TOX Factorsds, RfD(od) 

Primary 
Target 

%F(s) 

Kidney 
Whole Body 

Liver / Whole Body 
Kidney 

Source(s) 

IRIS 
IRlS 
IRlS 
IRIS 

Sources: 
IRIS = integrated Risk Information System 

Date@) 

6/8/2005 
6/8/2005 
6/8/2005 
2/2/2005 

Page 1 of 1 

Oral Absorption 
Efticiency for Dennal 

( 8 )  

100% 
100% 
100% 
5% 

Chemical 
of Potential 

Concern 

1 -2.3-Trichlorobenzene ") 
Naphthalene 
Tetrachloroethene (PCE) 
Cadmium 

Absorbed RfD for ~emal')  

Value 

1.00E-02 
2.00E-02 
1.00E-02 
2.50E-05 

Chronid 
Subchronic 

Chronic 
Chronic 
Chronic 
Chronic 

Units 

mg'kglday 
rngAcglday 
mg'kglday 
mg'kg/day 

Oral RfD 

Value 

I .OOE-02 
2.00E-02 
1.00E-02 
5.00E-04 

Units 

rngwday 
mgkglday 
m@g/day 
mgkglday 



TABLE 5.2 
NON-CANCER TOXICITY DATA -- INHALATION 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-009 I )  

MCB CAMP LEJEUNE, NORTH CAROLlNA 

Notes: 
NA = Not Applicable Tareet Orean Abbreviations; 

RsS = Respiratory System 
(I )  - Values for 1,2,4-Trichlombenzene 

Sources: 
IRIS - Integr-ated Risk Information System 

Page 1 of 1 8/ 1 112005 

Combined 
UncertaintyiModifying 

Factors 

1001 1 
3000/1 
30011 

111 

R E  : Target Organ(s) Primary 
Target 

ckCW(s) 

Liver 
RsS 

iver  I Kidney I Brai 
N A 

Sourct(s) 

N A 
IRIS 
Other 
N A 

Chemical 
of Potential 

Concern 

2,3-Trichlorobenzene (') 

Cadmium 

Datds) 

7/1/1997 
6/8/2005 
6/20/1997 
3141 1 999 

Extrapolated RfD Chronic/ 
Subchronic 

Chronic 
Chronic 
Chronic 
Chronic 

Value 

1.00E-03 
8.57E-04 
1.00E-02 

N A 

Units 

mg/kg/day 
mglkglday 
mg/kg/day 

NA 

Inhalation RfC 

Value 

3.5E-03 
3.2803 
4.9E-0 I 

N A 

U n i ~  

mg/m3 
m&3 
mg/m3 

N A 



TABLE 6.1 
CANCER TOXICITY DATA - ORAIJDERMAL 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Notes: 
( I )  Refer to the risk calculation spreadsheets presented in Appendix H EPA Group: 
(2) Adjusted dermal CSF = Oral CSF 1 Adj Factor A - Human carcinogen 

B1 -Probable human carcinogen - indicates that limited human data are available 
NA = Not Applicable B2 - Probable human carcinogen - indicates sufficient evidence in animals and 

inadequate or no evidence in humans 
(1) - Values for 1,2,4-Trichlorobenzene C - Possible human carcinogen 

D - Not classifiable as a human carcinogen 
E - Evidence of noncarcinogenicity 

Weight of Evidence: 
K n o d i k e l y  (EPA classes A, Bl, B2, C) 
Cannot be Determined (EPA class D) 
Not Likely (EPA class E) 

L. 

Page 1 of l 

Weight of Evidencd 
Cancer Guideline 

Description 

N A 
N A 

Oral CSF Chemical 
of Potential 

Concern 

1.2.3-Trichlorobenzene ('I 
Naphthalene 

Source(s) 

N A 
N A 

Other 
N A 

Oral Absorption 
Efficiency for Dermal 

(1) 

N A 
N A 

Date(s) 

N A 
N A 

7/1/1985 
N A 

Tetrachloroethene (PCE) 
Cadmium 

Oral Cancer SIope Factor 

100% 
N A 

Absorbed Cancer Slope Factor 

for Dermal 
Value 

N A 
N A 

Value 

NA 
N A 

Units 

N A 
N A 

5.40E-01 
N A 

Units 

N A 
N A 

5.4050 1 
NA 

I / (mgtkglday) 
N A 

I I (mgkglday) ( C 
N A NA 



TABLE 6.2 
CANCER TOXICITY DATA - INHALATION 

SWMU 336 
RCRA FACILITY INVESTIGATION (CTO-0091) 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Notes: 
EPA Group: 

A - Human carcinogen 
B1 - Probable human carcinogen - indicates that limited human data are available 
8 2  - Probable human carcinogen - indicates sufficient evidence in animals and 

inadequate or no evidence in humans 
C - Possible human carcinogen 
D -Not classifiable as a human carcinogen 
E - Evidence of noncarcinogenicity 

Chemical 
of Potential 

Concern 

1.2.3-Tnchlorobenzene (') 
Naphthalene 
Tehachloroethene (PCE) 
Cadmium 

( I )  - Values for 1,2,4-Trichlorobenzene 

Page 1 of 1 

Sources: 

IRIS = Integrated Risk Information System 

Unit Risk 

NA = Not Applicable 

Value 

N A 
N A 

5.7E-06 
1.8E-03 

Weight of Evidence: 
Known/Likely (EPA classes A, B 1,32, C) 
Cannot be Determined (EPA class D) 
Not Likely (EPA class E) 

Units 

N A 
N A 

ugIm3 
u g h 3  

Inhalation Cancer Slope Factor Weight of Evidence] 
Cancer Guideline 

Description 

N A 
N A 
C 
B1 

Value 

NA 
N A 

2.10E-02 
6.30E+00 

Units 

N A 
N A 

mi%/kg/da~ 
mglkglday 

Unit Risk ; Inhalation CSF 

s o w s )  

N A 
N A 

Other 
IRIS 

Date@) 

N A 
N A 

4/1/1987 
21x2005 



TABLE 7.1 . W E  
CALCULAllON OF CHEMICAL CANCER RISKS AND NON-CANCKR HAZARDS 

REASONABLE MAXIhfUM EXPOSURE 
SWhfU 336 

RCRA FACILITY INVESTIGATION (CTO4091) 
MCB CAMP LEJEWE, NORTH CAROLINA 



TABLE 7.2.RME 
CALCULATfOS OF CHEhUCAL CANCER RISKS AND NONSANCER HAZARDS 

REASONABLE hiAXlMUM EXWSURE 
S W  336 

RCRA FACILITY INVESnGATION (CTO-0091) 
MCB CAMP UIEUNE. NORTH CAROLINA 

enario T imeframc: Future 



TABLE 73.RME 
CALCULATIOS OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS 

REASONABLE hiAXlMUM EXPOSURE 
SWMU 336 

RCRA FACILlW INVESTIGATION (CTO.0091) 
MCB CAMP LEJEUNE, NORTH CAROLINA 



TABLE 7.3 .CT 
CALCUUTION OP CHEMICAL CANCER RISKS AND NONCAEiCER HAZARDS 

CENTRAL TENDENCY 
SWMU 336 

RCRA PAClLlN IF;VESTIGATION (CTO-M)91) 
MCB CAMP LUEUNE, NORTH CAROLMA 

* s t  Tabllblss.xk A R d  Page 1 of 1 BII 112035 



TABLE 7.4.RME 
CALCL'LATSON OF CHEMICAL CANCER RISKS ASD NON-CANCER HAZARDS 

REASONABLE MAXIMUM EXPOSURE 
SWMLi 336 

RCRA FACILITY NVESIIGATION (CTO-0091) 
MCB C A W  L3EL'NE. NORTH CAROLINA 

wario Timcframo: Future 

cptar Populuim: Residents 

Potential Concern 

Surface Soil 

I Air I Fup*,Dust 







TABLE 8. I .RME 
CALCULATION OF RADIATION CANCER RISKS 

REASONABLE W I M U M  EXPOSURE 
S W  336 

RCRA FACILITY RVESTKiATlON (no-0091) 
MCB CAMP LUELNE., NORTH CAROLINA 



TABLE 9. I .RME 
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURE 
SWMU 336 

RCRA FACILITY DIVESITGAITON (fl0-0091) 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Scenario Timeframe: Current 
Receplor Populalion: Military Base Personnel 
Recmlor Age: Adult 

) Surface Soil Total I 6.OSE-11 I I 0.0i 1 

Milltan Base Personnel Total I 6.OSEll I 1 0.01 1 
- - 

Total Risk Across Surface Soil ltal Hazard lndex Across Surface Soil 
Total Risk Across All Media and All Exposure Routes ss All Media and All Expsure Routes 

AU Exposure Routes: 
Total Kidney HI - 

Page 1 of l 
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Scenario Timeframe: Future 
Receptor Population: Trespassers 
Receptor Aee: Adolescent 

TABLE 9.2.RME 
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURE 
SWMU 336 

RCRA FACILlTY INVESTIGATION (CTO-0091) 
MCB CAMP LUEUNE, NORTH CAROLINA 

11 Medium I Exposure Carcinogenic Risk NonCarcinogenic Hazard Quotiem I1 

Surface Soil Total 1 2.09611 1 1 0.00 I 

l~dalescent Trespassers Total I 2.09E-11 I I 0.00 1 

Medium Point 

Total Risk Aacss Surface Soil Total Hazard index Across Surface Soil 
Total Risk Across All Media and All Exposure Routs  rd lndex Across All Media and All Exposure Routes 

All Exposure Routes: 
Total Kidney HI - 

- (Radiation) Routes Total Taczet Organ Routes Total 
Ingestion inhalation Dermal 

Page 1 of 1 

Exposure Primary Eulemal Ingestion Exposure inhalation Dermal 



TABLE 9.3.RME 
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COK 

REASONABLEMAXIMUM EXPOSURI 
SWMU 336 

RCRA FACILITY INVES'IIGATION (CM0091 
MCB CAMP LEIEUNS hQRTH CAROUNP 

Scenario Timeframe: F u m  
Receptor Population: Residenls 
Recator Age: Adult 

I Surface Soil Total I 7.69E-11 1 

No@: 

RsS = Respintav System 

(0) OR] CXPOWTC 

(I) Inhalation exposure 

Tocal Risk Across Surface Soil 
Tout Rii A m s s  Gmundwatcr 

Total Risk Across A11 Media and All Exposurc Routcs 

ALI Exposure Routes: 
Total Kidney HI =- 

InhdlUon Exposure Router: 

iIal Ha& hdar Acmss Surface Soil 
a1 H& Inda Acmss Gmundwater 
>ar All Media and All Expawn Rwtes 

Oral and Dermal Exposure Routes: 
Oral l Dermal W e  Body HI = 

Oral /Dermal Kidney K1= 
Oral I D d  Liver HI = 



TABLE 9.3.CT 
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPC 

CENTRAL TWDENCY 
SWMU 336 

RCRA FACILITY INVESTIGATION (CTO-009 1' 
MCB CAMP LEIEUN4 NORTH CAROLINP 

eceptor Population: Reddens 1 

) Surface Son Totd 

Groundu.aterTotal I 2.98E-05 I 1 0.14 1 
l ~ d u l t  Residents Total 1 2.98EOS 1 1 0.1s ] 

Now: 

= Respiratory System 

(0) O d  exposure 
(i) Inhalation cxposurc 

Total Risk Acmss Surface Soil 
Total Rhk Across Gmundwatw 

Total Risk Acmss All Media and An Exposure Routes 

AU Exposure Routes: 
Total Kidney HI - 

lnhdlfion &pornre Routu: 
Inhalation Kidney HI = 

Inhalation Liver HI = 
Inhalation Rcspiretoty System HI = 

Mal H d  lndex Across Surface Soil 
al Hazard Index Across Ornuridwater 
)ss All Mcdia Md All Exposnrc Routcs 

Oral md D e d  Exposure Routes: 
Oral I Dcmul Whole Body HI = 

Oral1 Dermal Kidney HI = 
Oral l Dcnnal LivaHl= 

- 0.06 
0.00 - 

. 0.05 



Scenario Timcframc: Future 
Rsceptor Population: Rcsidena 

TABLE 9.4.RME 
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPC 

RUSONABLEMAXlMUM U(POSIJR1 
S W U  336 

RCRA FACILITY INVESTIGATION (CTO-0091 
MCB C A M  WEUNE. NORTH CAROLINA 

Liver/ Whole B 

Groundwater Total M:1.26Em'4 I 0.31 [ 
Youne Child 1 Residents Total 0.42 

Notes: 

RsS = Rqi~atoly System 

Total Risk Acrosa Surfocc Soil 
Total Risk Across Groundwater 

Total Risk Acmw All Media and All Exposure Routes 

(0) Onl exposure 
(i) Inhalation expasun 

An Exposure Router: 
Total Kidaey HI =-1 

Inhalation Expmure Routes: 
Inhalation Kidney HI = 

Inbalalion Liver HI = 
Inhalation Respimry S y s m  HI = 

9tal H a d  Index Across Surface Soil 
r l  Hazard Index Across Groundwater 
ss All Media and All Exposure Routes 

Oral and Dermnl Exposure Routes 
Oral / Dermal Whole Body HI = 

Oral I Dennal Kidncy HI = 
Oral / D d  Liver HI = 



TABLE 9.4.CT 
SUMMARY OF RECEFTOR RISKS AND HAZARDS FOR C O K  

CENTRAL TENDENCY 
SWMU 336 

RCRA FACILITY INVESTIGATION (CTO-0091 
MCB CAMP LEJEUNL NORTH CAROLM/ 

Scenario Timcframe: Fururc 
Receptor Population: Raidem - - 
l~eceptor Aac: Young Child - 

Medium Chemical 

Surface Soil Surface Soil I I 
11 Exposure Point Total I -- 

I -- 
Surface Son Total I 4.16El1 I I 0.04 

Gmundnater Groundwater Tap - - - - -- - (0) Kidney, (i) Liva 0.00 0.00 0.01 
- - - (0) Whole 8cby, (I) RsS -- 0.00 0.01 0.01 

Cround~ater Total I 2.37E-05 I 

( ~ o u n ~ ~ h i l d  Residentr Total 1 2.3IE-05 1 0.21 1 

sous:  

R S  - Respiratory System 

(0)  Oral exposure 
(i) Inhalation exposure 

Total Risk Auvsa Surface Soil 
Total Risk Across Groudwater 

Total Risk Acmu All Medin and All Exposure Routes 

Al l  Exporum b t e s :  
Tomi ~ i d n e ~  HI -- 

Inhplptloo Exporurr Router- 
Inhalatim Kidney HI - 
Inhalation L i w  HI - 

Inhalation Raphutcry System HI = 

nml Hazard Indcx Across Surface Soil 
a1 Hazard Indcx A c w  Groundwatu 
m All Media and All Exposure Routes 

Ord and D e d  Expatun Routu: 
On1 1 Dermal Whole Body HI - 

Oral I Damal Kidney HI = 

Oral I Damal Liver HI - 



TABLE 9.5.RME 
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURE 
S W M U  336 

RCRA FACILITY lNMVESTIGATlON (CTO-0091) 
MCB CAMP LUEUNE, NORTH CAROLINA 

Scenario Timeframe: Future 
Receptor Populatim Construction Workers 

I[~ecrnor Age: Adult 1 

) Groundwater Total 1 1.02E06 I I 0.02 1 
)~onstruction Workem Total 1 1.05E46 I I 0.06 1 
Notes: 

RsS = Respiratory System 

Total Risk Across Surface Soil 
Total Risk Across Groundwater 

Total Risk Across All Media and All Expa~ure Router 

AU Exposure Routes: 
Total Kidney HI - 

Inhalation Exposure RonWI: 
Inhalation Kidney HI - 

Inhalation Liver HI - 
Inhalation Respiratory System HI - 

4al Hazard Index Across Surface Soil 
Total Hazard Index Across Groundwater 

ss AU Media and All Exposure Routes 0.06 

Oral and Dermal Exposure Routes: 
Oral I Dermal Whole Body HI = 

oral /Dermal Kidney HI = 

Oral I Dennal Liver HI = 



Scenario Timeframe: Future 
Receptor Population: Residents 
Recwlor Age: Adult 

TABLE IO.I.RME 
RISK ASSESSMENT SUMMARY 

REASONABLE MAXIMUM EXPOSURE 
SWMU 336 

RCRA FACILITY INVESTIGATION (CTO-0091) 
MCB CAMP LURME. NORTH CAROLINA 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Ingestion 1 Inhalation 1 Dermal I External 1 Exposure 1 Primary I Ingestion 1 inhalation I Dermal I Exposure 
I I ~ o G e s  Total I] 

1 Groundwater Total 1 I 

Totat Risk Across Groundwater 
Tolal Risk Across All Media and All Exposure Routes 



Receplor Populatwn: Residents 

TABLE 10. I.CT 
RISK ASSESSMENT SUMMARY 

CENTRAL. TENDENCY 
SWMU 336 

RCRA FACILITY INVESTIGATION (CT0-0091) 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Non-Carcinogenic Hazard Quotient 

t,uu,,. ..La." ..a. s ."-a 

Tdal  Risk Arrncs fiiundwater . - - . . -- . . -- - -- - - -. - . . -. -- 
Total Risk Aaoss All Media and All Exposure Rout-~ 1-1 

Page 1 of I 



Scenario Timeframe: Future 
Receptor Population: Residents 
Rccwtor Age: Young Child 

TABLE I 0.2.RME 
RISK ASSESSMENT SUMMARY 

REASONABLE MAXIMUM EXPOSURE 
SWMU 336 

RCRA FACILITY INVESTIGATION (CM-0091) 
MCB CAMP LEIEUNE. NORTH CAROLMA 

Non-Carcinogenic Hazard Quotient 

I Groundwater I Groundwater I T ~ D  

Total Risk Across Groundwater 
Total Rii Across All Media and All Exposure Routes 



Receptor Population: Residents 
Receptor Ace: Younp Child 

TABLE 102CT 
RISK ASSESSMENT SUMMARY 

C E W  TENDENCY 
SWMU 336 

RCRA FACILlTY MVESTIGATION (CTO-0091) 
MCB CAMP LEJEUNE. NORTH CAROLINA 

1 Exposure I Carcinogenic Risk 1r 
- -- -- 

Non-Carcinogmic Hazard Quotient 
Medium Point 

) Groundtvater Total I f 
f~oune Child Residents T o t a l  1 1 

Total Risk Across Groundwater 
Total Risk Across All Media and All Exposure Routes 

Page I o f  I 
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APPENDIX G 

CURRENT SURFACE SOIL STATISTICAL SUMMARY - ProUCL RESULTS 
SWMU 336 

RCRA INVESTIGATION - CTO-0091 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Variable: , Cadmium 

Raw Statistics 
Number of Observations 
Number of Missing Data 
Number of Valid Observations 
Number of Distinct Observations 
Minimum 
Maximum 
Mean 
Standard Deviation 
Variance 
Coefficient of Variation 
Skewness 
Too Few Distinct Observations? 
Normal Statistics 
Lilliefors Test Statisitic 
Lilliefors 5% Critical Value 
Shapiro-Wilk Test Statisitic 
Shapiro-Wilk 5% Critical Value 
5% Normality Test Result 
95% Student's-t UCL 
Gamma Statistics 
k hat 
k star (bias corrected) 
Theta hat 
Theta star 
nu hat 
nu star 
5% Approximate Chi Square Value 
Adjusted Level of Significance 
Adjusted Chi Square Value 
Anderson-Darling Test Statistic 
Anderson-Darling 5% Critical Value 
Anderson-Darling 5% Gamma Test Result 
Kolmogrov-Smimov Test Statistic 
Kolmogrov-Smirnov 5% Critical Value 
Kolmogrov-Smimov 5% Gamma Test Result 
5% Gamma Test Result 
95% Approximate Gamma UCL 
95% Adjusted Gamma UCL 
Lognormal Statistics 
Minimum of log data 
Maximum of log data 
Mean of log data 
Standard Deviation of log data 
Variance of log data 

N/R 
N/R 

0.748181745 
0.788 

NOT NORMAL 
2.588817807 

0.614858074 
0.418540148 
1.939471971 
2.849189035 
7.378296883 
5.022481775 
1.162183787 

0.01222 
0.62562775 1 
0.286653269 
0.729022836 
AD GAMMA 

0.2300182 
0.346239329 
KS GAMMA 

GAMMA 
5.153496015 
9.573279802 

Formatted SWMU 336 Data.xls, cSSaP Table 1 of 8 7/6/2005 



APPENDIX G (Continued) 

CURRENT SURFACE SOIL STATISTICAL SUMMARY - ProUCL RESULTS 
SWMU 336 

RCRA INVESTIGATION - CTO-0091 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Variable: Cadmium 

Lognormal Statistics (Cont) 
Lilliefors Test Statisitic NIR 
Lilliefors 5% Critical Value N/R 
Shapiro-Wik Test Statisitic 0.983515855 
Shapiro-Wilk 5% Critical Value 0.788 
5% Lognormality Test Result LOGNORMAL 
MLE Mean 1.757859102 
MLE Standard Deviation 6.830362256 
MLE Coefficient of Variation 3.885614183 
MLE Skewness 70.321 83606 
MLE Median 0.438125099 
MLE 80% Quantile 1.791968984 
MLE 90% Quantile 3.73134735 
MLE 95% Quantile 6.799631559 
MLE 99% Quantile 21.15879755 
MVU Estimate of Median 0.344713247 
MVU Estimate of Mean 1.206581053 
MVU Estimate of Standard Deviation 1.975808145 
MW Estimate of SE of Mean 0.756743035 
95% H-UCL 276.8550354 
95% Chebyshev ( W E )  UCL 4.505147469 
97.5% Chebyshev ( W E )  UCL 5.932439792 
99% Chebyshev (MWE) UCL 8.7360791 83 
Non-parametric Statisitics 
95% CLT UCL 2.332293268 
95% Adjusted-CLT UCL 2.878363958 
95% Modified-t UCL 2.673993799 
95% Jackknife UCL 2.588817807 
95% Chebyshev (Mean, Sd) UCL 4.21297768 
97.5% Chebyshev (Mean, Sd) UCL 5.519940785 
99% Chebyshev (Mean, Sd) UCL 8.087216727 
Bootstrap Statistics 
Number of Bootstrap Runs 2000 
95% Standard Bootstrap UCL 2.210849835 
95% Bootstrap-t UCL 11.253881 15 
95% Hall's Bootstrap UCL 9.039145204 
95% Percentile Bootstrap UCL 2.2975 
95% BCA Bootstrap UCL 2.663333333 
Recommendations 
Human Inspection Recommended? YES 
Appropriate Distribution GAMMA 
1st Recommended UCL 5.153496015 
UCL Test 95% Approximate Garnma UCL 
2nd Recommended UCL 
3rd Recommended UCL 
Recommended UCL > Max Data Value YES 
Recommendation Warning! NONE 
Alternative UCL NONE 

Formatted SWMU 336 Data.xls, cSSaPl Table 2 of 8 7/6/2005 



APPENDIX G (Continued) 

FUTURE SURFACE SOIL STATISTICAL SUMMARY - ProUCL RESULTS 
SWMU 336 

RCRA INVESTIGATION - CTO-0091 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Variable: Cadmium 

Raw Statistics 
Number of Observations 
Number of Missing Data 
Number of Valid Observations 
Number of Distinct Observations 
Minimum 
Maximum 
Mean 
Standard Deviation 
Variance 
Coefficient of Variation 
Skewness 
Too Few Distinct Observations? 
Normal Statistics 
Lilliefors Test Statisitic 
Lilliefors 5% Critical Value 
Shapiro-Wilk Test Statisitic 
Shapiro-Wik 5% Critical Value 
5% Normality Test Result 
95% Student's-t UCL 
Gamma Statistics 
k hat 
k star (bias corrected) 
Theta hat 
Theta star 
nu hat 
nu star 
5% Approximate Chi Square Value 
Adjusted Level of Significance 
Adjusted Chi Square Value 
Anderson-Darling Test Statistic 
Anderson-Darling 5% Critical Value 
Anderson-Darling 5% Gamma Test Result 
Kolmogrov-Smimov Test Statistic 
Kolmogrov-Smimov 5% Critical Value 
Kolmogrov-Smimov 5% Gamma Test Result 
5% Gamma Test Result 
95% Approximate Gamma UCL 
95% Adjusted Gamma UCL 
Lognormal Statistics 
Minimum of log data 
Maximum of log data 
Mean of log data 
Standard Deviation of log data 
Variance of log data 

Nm 
N/R 

0.702026299 
0.803 

NOT NORMAL 
2.208978437 

0.50365200 1 
0.3 83039239 
2.03655358 

2.677830838 
.7.051128016 
5.362549342 
1.322837378 

0.01 584 
0.8 12994522 
0.3 14864245 
0.751315037 
AD GAMMA 
0.205088188 
0.327173095 
KS GAMMA 

GAMMA 
4.158064748 
6.765658708 

Formatted SWMU 336 Data.xls, FSSaP Table 3 of 8 7/6/2005 
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APPENDIX G (Continued) 

FUTURE SURFACE SOIL STATISTICAL SUMMARY - ProUCL RESULTS 
SWMU 336 

RCRA INVESTIGATION - CTO-0091 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Variable: Cadmium 

Lognormal Statistics (Cont) 
Lilliefors Test Statisitic 
Lilliefors 5% Critical Value 
Shapiro-Wilk Test Statisitic 
Shapiro-Wilk 5% Critical Value 
5% Lognonnality Test Result 
MLE Mean 
MLE Standard Deviation 
MLE Coefficient of Variation 
MLE Skewness 
MLE Median 
MLE 80% Quantile 
MLE 90% Quantile 
MLE 95% Quantile 
MLE 99% Quantile 
MVU Estimate of Median 
MW Estimate of Mean 
MW Estimate of Standard Deviation 
MW Estimate of SE of Mean 
95% H-UCL 
95% Chebyshev ( W E )  UCL 
97.5% Chebyshev (MVUE) UCL 
99% Chebyshev ( W E )  UCL 
Non-parametric Statisitics 
95% CLT UCL 
95% Adjusted-CLT UCL 
95% Modified-t UCL 
95% Jackknife UCL 
95% Chebyshev (Mean, Sd) UCL 
97.5% Chebyshev (Mean, Sd) UCL 
99% Chebyshev (Mean, Sd) UCL 
Bootstrap Statistics 
Number of Bootstrap Runs 
95% Standard Bootstrap UCL 
95% Bootstrap-t UCL 
95% Hall's Bootstrap UCL 
95% Percentile Bootstrap UCL 
95% BCA Bootstrap UCL 
Recommendations 
Human Inspection Recommended? 
Appropriate Distribution 
1st Recommended UCL 
UCL Test 
2nd keiommended UCL 
3rd Recommended UCL 
Recommended UCL > Max Data Value 
Recommendation Warning! 
Alternative UCL 

N/R 
NIR 

0.970751716 
0.803 

LOGNORMAL 
1.663942161 
9.36693 1923 
5.629361491 
195.2809221 
0.291026601 
1.409992952 
3.206648424 
6.280681477 
22.4021 1948 
0.22498253 1 
1.05807375 
2.061 942722 
0.700308867 
207.1441603 
4.1 10649332 
5.43 1501225 
8.026059001 

NO 
GAMMA 

4.158064748 
95% Approximate G m - a  UCL 

NONE 
NONE 

Formatted SWMU 336 Data.xls, FSSaP Table 4 of 8 7/6/2005 



APPENDIX G (Continued) 

SUBSURFACE SOIL STATISTICAL SUMMARY - ProUCL RESULTS 
SWMU 336 

RCRA INVESTIGATION - CTO-0091 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Variable: 1,2,3-Trichlorobenzene 

Raw Statistics 
Number of Observations 8 
Number of Missing Data 0 
Number of Valid Observations 8 
Number of Distinct Observations 8 
Minimum 0.65 
Maximum 3.21 
Mean 2.5075 
Standard Deviation 0.997221 139 
Variance 0.99445 
Coefficient of Variation 0.39769537 
Skewness -1.453234374 
Too Few Distinct Observations? NO 
Normal Statistics 
Lilliefors Test Statisitic N/R 
Lilliefors 5% Critical Value NIR 
Shapiro-Wilk Test Statisitic 0.715983017 
Shapiro-Wilk 5% Critical Value 0.818 
5% Normality Test Result NOT NORMAL 
95% Student's-t UCL 3.175473274 
Gamma Statistics 
k hat 4.375677485 
k star (bias corrected) 2.818131761 
Theta hat 0.573054118 
Theta star 0.889773869 
nu hat 70.01083976 
nu star 45.09010818 
5% Approximate Chi Square Value 30.6841 1377 
Adjusted Level of Significance 0.01 946 
Adjusted Chi Square Value 27.71091406 
Anderson-Darling Test Statistic 1.315716008 
Anderson-Darling 5% Critical Value 0.718757839 
Anderson-Darling 5% Gamma Test Result NOT AD GAMMA 
Kolmogrov-Smirnov Test Statistic 0.394530591 
Kolmogrov-Smirnov 5% Critical Value 0.2952961 89 
Kolmogrov-Smirnov 5% Gamma Test Result NOT KS GAMMA 
5% Gamma Test Result NOT GAMMA 
95% Approximate Gamma UCL 3.684755 151 
95% Adjusted Gamma UCL 4.080105262 
Lognormal Statistics 
Minimum of log data -0.4307829 16 
Maximum of log data 1 .I66270937 
Mean of log data 0.800688023 
Standard Deviation of log data 0.595696036 
Variance of log data 0.354853768 

N/R 
N/R 

0.421 904955 
0.818 

NOT NORMAL 
12.35875961 

0.607867889 
0.463250764 
8.340628107 
10.94439641 
9.725886223 
7.412012223 
2.398801882 
0.01946 

1.742069674 
2.47970586 
0.75493 143 

NOT AD GAMMA 
0.536998498 
0.306862845 

NOT KS GAMMA 
NOT GAMMA 
15.66569639 
21.57141 16 

Formatted SWMU 336 Data.xls, SBaP Table 5 of 8 7/6/2005 



APPENDIX G (Continued) 

SUBSWACE SOIL STATISTICAL SUMMARY - ProUCL RESULTS 
SWMU 336 

RCRA INVESTIGATION - CTO-0091 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Variable: l,2,3-Trichlorobenzene 4-Isopropyltoluene 

Lognonnal Statistics (Cont) 
Lilliefors Test Statisitic N/R N/R 
Lilliefors 5% Critical Value N/R N/R 
Shapiro-Wilk Test Statisitic 0.6744 10663 0.44427029 1 
Shapiro-Wik 5% Critical Value 0.818 0.818 
5% Lognormality Test Result NOT LOGNORMAL NOT LOGNORMAL 
MLE Mean 2.659438224 3.580858962 
MLE Standard Deviation 1.735723294 5.986054335 
MLE Coefficient of Variation 0.652665393 1.671681124 
MLE Skewness 2.236013438 9.686585997 
MLE Median 2.227072678 1.838268392 
MLE 80% Quantile 3.684191776 4.877476377 
MLE 90% Quantile 4.788213749 8.107088996 
MLE 95% Quantile 5.933462881 12.28606845 
MLE 99% Quantile 8.9020091 89 26.97426039 
W Estimate of Median 2.178103869 1.689932929 
MW Estimate of Mean 2.594398869 3.1 86726706 
MW Estimate of Standard Deviation 1.570316987 3.869296169 
MW Estimate of SE of Mean 0.553551654 1.327178626 
95% H-UCL 4.735703224 19.69027477 
95% Chebyshev (MWE) UCL 5.007274588 8.971764218 
97.5% Chebyshev ( W E )  UCL 6.051327839 1 I .47495457 
99% Chebyshev (MWE) UCL 8.102168283 16.3919873 
Non-parametric Statisitics 
95% CLT UCL 3.087427548 1 1.39802637 
95% Adjusted-CLT UCL 2.893866678 15.50867728 
95% Modified-t UCL 3.145281689 12.99993808 
95% Jackknife UCL 3.175473274 12.35875961 
95% Chebyshev (Mean, Sd) UCL 4.044320988 21.83941157 
97.5% Chebyshev (Mean, Sd) UCL 4.709304658 29.09554935 
99% Chebyshev (Mean, Sd) UCL 6.01553631 43.34882695 
Bootstrap Statistics 
Number of Bootstrap Runs 2000 2000 
95% Standard Bootstrap UCL 3.041158911 10.87376121 
95% Bootstrap-t UCL 3.000108931 1371.185602 
95% Hall's Bootstrap UCL 2.89570566 650.3715818 
95% Percentile Bootstrap UCL 3.035 12.7575 
95% BCA Bootstrap UCL 3.0025 12.77875 
Recommendations 
Human Inspection Recommended? YES YES 
Appropriate Distribution NON-PARAMETRIC NON-PARAMETRIC 
1st Recommended UCL- 4.044320988 43.34882695' 
UCL Test 95% Chebyshev (Mean, Sd) UCL99% Chebyshev (Mean, Sd) UCL. 
2nd Recommended UCL 
3rd Recommended UCL 
Recommended UCL > Max Data Value YES YES 
Recommendation Warning! NONE NONE 
Alternative UCL NONE YES 
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APPENDIX G (Continued) 

GROUNDWATER STATISTICAL SUMMARY - ProUCL RESULTS 
SWMU 336 

RCRA INVESTIGATION - CTO-0091 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Variable: Tetrachloroethene (PCE) 123-Trichlorobenzene 

Raw Statistics 
Number of Observations 
Number of Missing Data 
Number of Valid Observations 
Number of Distinct Observations 
Minimum 
Maximum 
Mean 
Standard Deviation 
Variance 
Coefficient of Variation 
Skewness 
Too Few Distinct Observations? 
Normal Statistics 
Lilliefors Test Statisitic 
Lilliefors 5% Critical Value 
Shapiro-Wilk Test Statisitic 
Shapiro-Wilk 5% Critical Value 
5% Normality Test Result 
95% Student's-t UCL 
Gamma Statistics 
k hat 
k star (bias corrected) 
Theta hat 
Theta star 
nu hat 
nu star 
5% Approximate Chi Square Value 
Adjusted Level of Significance 
Adjusted Chi Square Value 
Anderson-Darling Test Statistic 
Anderson-Darling 5% Critical Value 
Anderson-Darling 5% Gamma Test Result 
Kolmogrov-Smirnov Test Statistic 
Kolmogrov-Smimov 5% Critical Value 
Kolmogrov-Smimov 5% Gamma Test Result 
5% Gamma Test Result 
95% Approximate Gamma UCL 
95% Adjusted Gamma UCL 
Lognormal Statistics 
Minimum of log data 
Maximum of log data 
Mean of log data 
Standard Deviation of log data 
Variance of log data 

N/R 
N/R 

0.559704642 
0.881 

NOT NORMAL 
7.231266304 

0.581015909 
0.509257172 
6.804173983 
7.76294091 1 
17.43047728 
15.27771515 
7.453915039 
0.03235 

6.790271 363 
1.909085683 
0.787195742 

NOT AD GAMMA 
0.360399496 
0.23264661 2 

NOT KS GAMMA 
NOT GAMMA 
8.102842635 
8.894769788 

N/R 
N/R 

0.551402666 
0.829 

NOT NORMAL 
2.596855227 

4.037366874 
2.76565 199 
0.516012886 
0.753288317 
72.67260373 
49.78173582 
34.5793424 
0.02308 

3 1.92732007 
2.193623318 
0.724877793 

NOT AD GAMMA 
0.483885308 
0.280407954 

NOT KS GAMMA 
NOT GAMMA 
2.999245862 
3.248376293 

Naphthalene 

N R  
N/R 

0.819256392 
0.829 

NOT NORMAL 
3.067624408 

4.06 1882973 
2.781996056 
0.567607578 
0.82874149 
73.1 1389351 
50.075929 
34.8248851 5 
0.02308 
32.162641 
0.720635936 
0.724823858 
AD GAMMA 
0.2961 82642 
0.280393489 

NOT KS GAMMA 
APPROX GAMMA 

3.315239542 
3.589656593 
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APPENDIX G (Continued) 

GROUNDWATER STATISTICAL SUMMARY - ProUCL RESULTS 
SWMU 336 

RCRA INVESTIGATION - CTO-0091 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Variable: Tetracbloroethene (PCE) 1,2,3-Trichlorobenzene Naphthalene 

Lognormal Statistics (Cont) 
Lilliefors Test Statisitic 
Lilliefors 5% Critical Value 
Shapiro-Wilk Test Statisitic 
Shapiro-Wilk 5% Critical Value 
5% Lognormality Test Result 
MLE Mean 
MLE Standard Deviation 
MLE Coefficient of Variation 
MLE Skewness 
MLE Median 
MLE 80% Quantile 
MLE 90% Quantile 
MLE 95% Quantile 
MLE 99% Quantile 
MVU Estimate of Median 
MW Estimate of Mean 
MVU Estimate of Standard Deviation 
MVU Estimate of SE of Mean 
95% H-UCL 
95% Chebyshev ( W E )  UCL 
97.5% Chebyshev ( W E )  UCL 
99% Chebyshev ( W E )  UCL 
Non-parametric Statisitics 
95% CLT UCL 
95% Adjusted-CLT UCL 
95% Modified-t UCL 
95% Jackknife UCL 
95% Chebyshev (Mean, Sd) UCL 
97.5% Chebyshev (Mean, Sd) UCL 
99% Chebyshev (Mean, Sd) UCL 
Bootstrap Statistics 
Number of Bootstrap Runs 
95% Standard Bootstrap UCL 
95% Bootstrap-t UCL 
95% Hall's Bootstrap UCL 
95% Percentile Bootstrap UCL 
95% BCA Bootstrap UCL 
Recommendations 
Human Inspection Recommended? 
Appropriate Distribution 
1 st Recommended UCL 
UCL Test 
2nd Recommended UCL 
3rd Recommended UCL 
Recommended UCL > Max Data Value 
Recommendation Warning! 
Alternative UCL 

N/R 
N/R 

0.74475304 
0.881 

NOT LOGNORMAL 
3.57150322 
8.68723085 1 
2.432373797 
2 1.688 12059 
1.358030948 
4.397926916 
8.109355056 
13.37853526 
34.49046056 
1.272915836 
3.200908377 
5.54433267 
1.302712402 
12.69336409 
8.879300088 
1 1.33634472 
16.1627331 1 

N/R 
N/R 

0.563723643 
0.829 

NOT LOGNORMAL 
2.224 120447 
1.532813663 
0.689177452 
2.39486791 1 
1.831333175 
3.101301962 
4.080095969 
5.106665026 
7.807507898 
1.792133048 
2.170367607 
1.386119304 
0.460207727 
3.868799096 
4.176366583 
5.044363942 
6.749376677 

N/R 
N/R 

0.872594775 
0.829 

LOGNORMAL 
2.360487351 
1.405146841 
0.595278276 
1.996775392 
2.028314163 
3.230345992 
4.1 16155172 
5.018794351 
7.302749341 
1.994363646 
2.316950102 
1.300721 165 
0.43249 1239 
3.755312386 
4.202135705 
5.017857022 
6.620183593 

NO YES NO 
NON-P-ETRIC NON-P-lUC GAMMA 

22.47081233 3.287061339 3.315239542 
99% Chebyshev (Mean, Sd) UCL95% Chebyshev (Mean, Sd) UCL 95% Approximate Gadlma WCL 

NONE 
NONE 

YES 
NONE 
NONE 

NONE 
NONE 
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ADULT MILITARY BASE PERSONNEL - CURRENT SCENARIO 
ACCIDENTAL INGESTION OF SURFACE SOIL - SWMU 336 
REASONABLE MAXIMUM EXPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCRA FACILITY INVESTIGATION (@TO-009 1) - MCB CAMP LEJEUNE, NORTH CAROLINA 

CDI (mgkgld) - (C*R*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 

HQ = CDVRfDo 

Parameter 
CDI 

ILCR 
CSFo 
HQ 

RfDo 
C 

IR-S 
CF 
FI 
EF 
ED 
BW 

AT-C 
AT- N 

units 
mgkgld 

NA 
l/(mg/kgld) 

NA 
mglkgld 

&kg 
mglday 
kgfmg 
NA 

dayslyear 
Y e a  

kg 
days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging h e ,  noncarcinogens 

Addl 
CS (Chemical Specific) 
CS 
CS 
CS 
CS 
CS 
100 

1.00E-06 
1 

250 
4 
70 

25,550 
1,460 

NOTES: 
-- - Not applicable. 
NA - Toxicity criterion not available. 
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ADULT MILITARY BASE PERSONNEL - CURRENT SCENARIO 
DERMAL CONTACT WITH SURFACE SOIL - SWMU 336 
REASONABLE MAXIMUM EXPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCRA FACILITY INVESTIGATION (CTO-0091) T MCB CAMP LEJEUNE, NORTH CAROLINA 

DAD (mglkgld) = (C*CF*AF*ABS*SA*EF*ED)/(BW*AT) 
ILCR = CDI*CSFd 

HQ = CDI/RfDd 

Parameter 
DAD 
ILCR 
CSFd 
HQ 

RtDd 
C 

CF 
AF 

ABS 
S A 
EF 
ED 
BW 

AT-C 
AT-N 

Units 
mglkgld 

NA 
1 / (mglkgld) 

NA 
mg/kg/d 
mglkg 
k!z/mg 

mgIcm2 
NA 

cmUday 
daydyear 

Years 
kg 

days 
days 

Descri~tiog 
DermalIy absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

ACu 
CS (Chemical Specific) 
CS 
CS 
CS 
CS 
cs 

1.00E-06 
0.2 
(1) 

3,300 
250 
4 
70 

25,550 
1,460 

I 
Carcinogens Noncarcinogens 

C CSFd RfDd DAD % Contrib. DAD % Contrib. 
Parameter (mglkg) ABS l/(mg/kg/d) (mg/kg/d) (mIrjkg/d) ILCR Total ILCR (mg/kg/d) HQ HI 

Cadmium 5.15 0.001 NA 2.5E-05 1.9E-09 -- -- 3.3E-08 I .3E-03 100.0% 

Total ILCR: -- -- Total HI: 1.3E-03 100.0% 

NOTES: 
- - Not applicable. 
NA - Toxicity criterion not available. 
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ADULT MILITARY BASE PERSONNEL - CURRENT SCENARIO 
INHALATION OF FUGITIVE DUSTS EMANATING FROM SURFACE SOIL - SWMU 336 
REASONABLE M A X W  EXPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCRA FACILlTY INVESTIGATION (CTO-0091) - MCB CAMP LEJEUNE, NORTH CAROLINA 

CDI (mgkdd) = (Ca*RR*EFEF*ED)/(BW*AT) 
Where: Ca = C * (1fPEF) 

ILCR = CDI*CSFi 
HQ = CDyRfDi 

Parameter 
CDI 

ILCR 
CSFi 
HQ 

RfDi 
Ca 

C 
PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
AT-N 

Units - 
WY'kfd 

NA 
l/(mg/kg/d) 

NA 
wkdd 
midm3 

m g k  
m3lkg 

m3Ihour 
hourslday 
dayslyear 

Years 
kg 

days 
days 

Descri~tion 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in air as fugitive 

dusts 
Concentration of chemical in soil 
Particulate emission factor 
Respiration rate 
Exposure time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, minogens  
Averaging time, nonca~inogens 

CS (Chemical Specific) 
CS 
CS 
CS 
CS 

NOTES: 
- - Not applicable. 
NA - Toxicity criterion not available. 

Carcinogens Noncarcinogens 1 

~ i l i t ~ ~ ~ - R M E  Risk Calc.xls. SSInh 

C Ca CSFi RfDi CDI % Contrib. CDI 
Q H 

Cadmium 5.15 3.90E-09 6.3E+00 NA 9.6E-12 6.1E-11 100.0% 1.7E-10 -- 

Page 3 of 3 

% Contrib. 
HI 
-- 

Total ILCR: 6.1E-11 100.00? Total HI: -- - 



ADOLESCENT TRESPASSERS - FUTURE SCENARIO 
ACCIDENTAL INGESTION OF SURFACE SOIL - SWMU 336 
REASONABLE MAXIMUM EXPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCRA FACILITY INVESTIGATION (CTO-0091) - MCB CAMP LEJEUNE, NORTH CAROLINA 

CDI (mg/kg/d) = (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 

HQ = CDIIRfDo 

Parameter 
CDI 
ILCR 
CSFo 
HQ 

RfDo 
C 

IR-s 
CF 
Fl 
EF 
ED 
BW 

AT-C 
AT-N 

Units 
mgfltdd 

NA 
l/(mg/kg/d) 

NA 
mg/kgld 
mg/kg 
mgtday 
kdmg 
NA 

dayslyear 
Years 

kg 
days 
days 

Descriptioq 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Adolescent 
CS (Chemical Specific) 
CS 
CS 
CS 
CS 
CS 
100 

1.00E-06 
1 
52 
10 
45 

25,550 
3,650 

NOTES: 
- - Not applicable. 
NA - Toxicity criterion not available. 

Trespasser-RME Risk Calc.xls, SSIng Page 1 of 3 



ADOLESCENT TRESPASSERS - FUTURE SCENARIO 
DERMAL CONTACT WITH SURFACE SOIL - SWMU 336 
REASONABLE MAXIMUM EXPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCRA FACILITY INVESTIGATION (CTO-009 1) - MCB CAMP LEJEUNE, NORTH CAROLINA 

DAD (mg/kg/d) = (C*CF*AF*A8S*SA*EF4ED)/(BW*AT) 
ILCR = CDI*CSFd 

HQ = CDVRfDd 

Parameter 
DAD 
ILCR 
CSFd 
HQ 

RfDd 
C 

CF 
AF 

ABS 
S A 
EF 
ED 
BW 

AT-C 
AT-N 

mgkgtd 
NA 

1 /(mg/kg/d) 
NA 

mgn<g!d 
m@g 
kdmg 

mgIcm2 
NA 

cm2tday 
dayslyear 

Years 
kg 

days 
days 

Descri~tion 
Dennally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Adolesca 
CS (Chemical Specific) 
CS 
cs 
CS 
CS 
CS 

1.OOE-06 
0.2 
(1) 

5,300 
52 
10 
45 

25,550 
3,650 

NOTES: 
- - Not applicable. 
NA - Toxicity criterion not available. 

Parameter 

Cadmium 

Trespasser-RME Risk Calc.xls, SSDerm Page 2 of 3 

C 
(mgkg ) 

4.16 

ABS 

0.001 

CSFd 
1 /(mg/kg/d) 

NA 

RfDd 
(mg/kg/d) 

2.5E-05 

Adolescent 
Carcinogens 

DAD 
(mg/kg/d) 

2.OE-09 

Noncarcinogens 
DAD 

(mgkdd) 
1.4E-08 

Total ILCR: - - 

ILCR 
-- 

% Contrib. 
Total ILCR 

- 
Total HI: 5.6E-04 100.0% 

HQ 
5.6E-04 

% Contrib. 
HI 

100.0% 



ADOLESCENT TRESPASSERS - FUTURE SCENARIO 
INHALATION OF FUGITIVE DUSTS EMANATING FROM SURFACE SOIL - SWMU 336 
REASONABLE MAXIMUM EXPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCRA FACILITY INVESTIGATION (CTO-0091) - MCB CAMP LEJEUNE, NORTH CAROLMA 

CDI (mgkgld) = (Ca*RR*ET*EF*ED)/(BW*AT) 
Where: Ca = C * (1tPEF) 

ILCR = CDI*CSFi 
HQ = CDVRfDi 

Parameter 
CDI 

ILCR 
CSFi 
HQ 

RfDi 
Ca 

C 
PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
AT-N 

mgfkg 
m3kg 

m3lhour 
hourdday 
daydyear 

years 
kg 

days 
days 

Descri~tion 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in air as fugitive 

dusts 
Concentration of chemical in soil 
Particulate emission factor 
Respiration rate 
Exposure time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Adolesca 
CS (Chemical Specific) 
CS 
CS 
CS 
CS 

NOTES : 
- - Not applicable. 
NA - Toxicity criterion not available. 

Parameter 

Cadmium 

Trespasser-RME Risk Calc.xls, SSInh Page 3 of 3 

C 
(mgkg) 

4.16 

Ca 
(mg/m3) 
3.15E-09 

CSFi 
ll(mglkg1d) 

6.3E+00 

RfDi 
(mgkgld) 

N A 

Adolescent 
Carcinogens 

CDI 
(mgkg/d) 

3.3E-12 

Noncarcinogens 
CDI 

(mgn<g/d) 

2.3E-l l 

Total ILCR: 2.1E-11 100.0% 

LCR 

2.1E-1 l 

% Contrib. 
Total [LCR 

100.0% 

Total HI: -- -- 

HQ 
-- 

% Contrib. 
HI 
- 



ADULT AND YOUNG CHILD RESIDENTS - FUTURE SCENARIO 
ACCIDENTAL INGESTION OF SURFACE SOIL - SWMU 336 
REASONABLE MAXIhlUM EXPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCR.4 FAClLlTY INVESTIGATION (CTO-0091) - MCB CAMP LEJEUNE, NORTH CAROLINA 

CDl (mgRgld) = (C*IR*CF*FI*EF*ED)I(BW*AT) 
ILCR = CDICCSFo 

HQ = CDI/RtDo 

Pirmmcler 
CDI 

ILCR 
CSFo 
HQ 

RtDo 
C 

IR-S 
CF 
TI 
EF 
ED 
BW 

AT-C 
AT-N 

Units 
mg/kg/d 

NA 
I &wkg/d) 

NA 
mgkg/d 
m&l3 
mg/day 
k g / w  
N A 

daysfyear 
Yeam 
kg 

days 
days 

Descriotion 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Convasion factor 
Fraaion of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarrinogens 

Young 
w 
CS (Chemical Specific) 
CS 
CS 
CS 
CS 
CS 
200 

1 .OOE-06 
1 

350 
6 
15 

25,550 
2,190 

m: 
-- - Not applicable. 
NA - Toxicity criterion not available. 

Parameter 

Cadmium 

Raidential-RME Risk Cak.xl$ SSIng 

C 
tmnlkrr) 

4.16 

CSFo 
I l(mgikgld) 

NA 

RtDo 
(mnlkgld) 

5.OE-04 

Adult Young Child 
Carcinorrcns Noncarcinogcns Carcinogens 

% Contrib. 
Total ILCR 

CDI 
(mgkdd) 
2.OE-06 

CDI 
(m&g/d) 
5.7E-06 

CDI 
( r n d d d )  
4.6E-06 

Noncarcino~ens 

Total ILCR: - - 
ILCR 

-- 
CDI 

( m ~ k g l d )  

S.3E-OS 

Total Hk I.IE-02 100.0% 

HQ 
1.IE-02 

Total ILCR: - - 
lLCR 
.- 

%Connib. 
HI 

100.0% 

% Contrib. 
Total ILCR 

- 
TotalHI: l.lE-O1 10.0% 

HO 
l.lE-O1 

% Conlrib. 
HI 

100.0% 



ADULT AND YOUNG CHILD RESIDENTS -FUTURE SCENARIC 
DERMAL CONTACT WITH SURFACE SOIL. SWMU 33t 
REASONABLE M A X I W  EXPOSURE 
POTENTIAL CARCINOGEh'lC AND NONCARCINOGENIC RISKS 
RCRA FACILITY INVESTIGATION (CT0-0091) - MCB CAMP LEJEUNE, NORTH CAROLW 

~~~i,jenliJ-RhfE Risk Calc.%ls, SSDm 

DAD (mng'kgd) = (C*CF*AF*ABS*SA*EFbED)!(BW*AT 
ILCR = CDICCSFd 

HQ = CDIiRfDd 
Yowg 

Parameter Descriution &@& child 
DAD m ~ k g f d  Dermally absorbed dose CS CS (Chemical Specific) 
ILCR N A Incremental lifetime cancer risl CS CS 
CSFd li(ms;'kgjd) Dermal cancer slope fact01 CS CS 
HQ N A H d  quotied CS CS 

RfDd m@kg'd Dennal reference dose CS CS 
C ~ ' k 6  Concenba(ion of chemical in soi CS CS 
CF kb.(In~ Conversion factor 1.00E-06 .1.00E-06 
AF 1 ~ c 1 n 2  Soil to skin adherence factor 0.07 0 2  

ABS N A Absorption fraction (1) (1) 
S A cd.&ly Skin surface area available for contac! 5,700 2,800 
EF daystyear Exposure frequency 350 350 
ED years Exposm duration 24 6 
BW kg Body weight 70 15 

A T C  days Averaging time, carcinogem 25.550 25,550 
AT-N days Averaging time, noncarcinogee 8,760 2,190 

Pamlneler 

Cadmiuln 

NOTES: 
-- - Not applicable. 
NA - Toxicity criterion not available 

C 
(mg'kg) 

4.16 

ABS 

0.001 

CSFd 
I;(mgkgtd) 

NA 

RtDd 
( m & ~ d )  
2.5E-05 

Adult Young Child 
Cminogens 

DAD 
(mdkk'd) 

7.8E-09 

Carcinogens Noncaxrinogens 
DAD 

(mg&gld) 

1 J M 8  

Noncaninogens 
DAD 

(mpikgtd) 
2.3E-08 

Total ILCR: - - 

DAD 
( ~ k g d )  
I.JE-07 

ILCR 
- 

Total ILCR: - -- 

- LCR 
- 

% Contrib. 
Total TLCR 

- 
Total HI: 9 . 1 W  100.WA 

HQ 
9.1E-04 

% Contrib. 
Total ILCR 

Total H1: 6 OE-03 100.0% 

UQ 
6.OE-03 

%Conlrib. 
HI 

100.Wh 

% Contrib. 
HI 

100.0% 



ADULT AND YOUNG CHILD RESIDENT5 -FUTURE SCENARIC 
INHALATION OF FUGITIVE DUSTS EMANATING FROM SURFACE SOIL - SWMU 3 3  
REASONABLE MAXIMUM EXPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCNOGENIC RISKS 
RCRA FACILITY NVESTIGATION (CTO-0091) - MCB CAMP LUEUNE NORTH CAROLW 

CDI (mg'kg!d) = (Ca*RR*ET*EF*EDY(BW'AT:(BW*AT 
Where: Ca - C * (IiPEF) 

ILCR = CDIaCSFi 
HQ - CDYRfDi 

Pammeter 
CDI 
ILCR 
CSFi 
HQ 

RfDi 
Ca 

C 
PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
AT-N 

mg'kg 
m3:kg 

m3ihour 
houniday 
da&ear 

Yam 
kg 

days 
days 

Descriotion 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope fact01 
Hazard quolienl 
Inhalation reference dose 
Concentration of chemical in air as fugitiw 

dusn 
Concentration of chemical in soi 
Parkulate emission fact01 
Respiration rate 
Exposure time 
Exposun frequency 
Exposun duration 
Body weight 
Averaging time, carcinogenr 
Averaging time. noncarcinogen: 

w- 
CS (Chemical Specific) 

@Qm: -- - Not applicable. 
NA - Toxicity criterion no1 available 

Parameter 

Cadmium 

C 
(mgkg) 

4.16 

Ca 
(m&m3) 

3.15E-09 

CSFi 
li(mgkg/d) 

6.3E+00 

RfDi  
(mg!kj$d) 

NA 

Adult Young Child 
Carcinogens 

CDI 
(mfitk#'d) 

1.2E-I 1 

Noncarcinogens Carcinogens Noncsrcinogens 
CDI 

(mg;k~d) 

3.6E-ll 

CDI 
(rnpiwd) 
3.OE-11 

TotallLCR: 7.TElf 100.0.? 

ILCR 

7.7E-11 

% Conhib. 
Total ILCR 

100.O0% 

% Conlrib. 
HI 
- 

Total HI: - -- 

HQ 
- 

Total U R :  I.9E-I0 100.0% 

ILCR 
1.9E-10 

CDI 
(mg/kg/d) 
3SE-10 

Total HI: -- -- 

%Ccntrii. 
HI 
- 

KContrib. 
Total lLCR 

100.0% 
HQ 



ADULT AND YOUNG CHILD RESIDENTS - FUTURE SCENARIg 
INGESTION OF GROUNDWATER AS DRINKING WATER - SWMU 336 
REAS0NARI.E MAXIMUM EXPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCRA FAClLITY RJVESTIGATION (CTO-0091) - MCB CAMP LEIEUNE, NORTH CAROLfN 

CDl (mgkdd) = (CCIR*EF'ED)/(BW*AT) 
ILCR - CDI*CSFo 

HQ = CDURfDo 

CDI 
ILCR 
CSFo 
HQ 

RtD0 
C 

1R-W 
EF 
ED 
BW 

AT-C 
AT-N 

!his 
w'ks;d 

N A 
m w w d )  

N A 
mdkdd 

m a  
Uday 

daydyear 
years 

kg 
days 
days 

Descritxion 
Chmnic daily inralre 
lncremental lifelime cancer risk 
Oral cancer sbpe factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in water 
Ingestion rate of water 
Exporure f r e q m y  
Exposure duration 
Body weight 
Avenging time, carcinogens 
Avenging time, noncarcinogms 

Young 
alu 

CS (Chmiical Specific) 
CS 
CS 
CS 
CS 
CS 

I 
350 
6 
15 

25,550 
2,190 

NOTES: 
- - Not applicable. 
NA - Toxicity criterion not available. 

f 

Parameler 

1,2,3-Trichlorobenzenc 
Naphthalene 
Tetrachloroethene (PCE) 

C 
fmrIL) 

0.00073 
0.005 
0.027 

CSFo 
Il(mE/kp/d) 

NA 
NA 

5.4E-01 

RfDo 
(rnfldd) 

1.0E-02 
2.0E-02 
1.OE-02 

Adult Ycunc Child 
Carcinoacns 

CDI 
fmg~kfild) 

6.9E-06 
4.7EdS 
2.5E-04 

Noncarn'nogens Carcinogens 
CDI 

(mgknid) 

2.OE-05 
1.4- 
7.4E-04 

Noncardnoxens 

Total ILCR 1.4E.44 100.0% 

ILCR 
- 

1.4E-04 

% Contrib. 
Total ILCR 

- 
-- 

l00.PY 

CDI 
(mgflrp/d) 

4.OE-06 
2.78-05 
1.5E-M 

CDI 
{ m ~ g l d )  

4.7E05 
3.2E-04 
1.7E-03 

Total HI: 83E-02 100.m 

%Contrib. 
Total lLCR 

-- 
- 

100.0% 

TOM IWR: 8.OE-02 100.0% 

HQ 
2.OE-03 
6.8E-03 
7.4E-02 

ILCR 
- 
- 

8.OMS 

KConmb. 
HI 

2.4% 
83% 

89.3% 

Total HI: 1.9E-01 100.0% 

HO 
4.78-03 
1.6E-02 
1.7E-01 

% Contrii. 
HI 

2.4% 
8.3% 
89.3% 



ADULT AND YOUNG CHILD RESIDENIS --IRE SCENARI 
DERMAL COXTACT WlrH GROUNDWATER - SWhR1336 

DAD (mg.%g:d) = (C*CF'Kp*SA*EF*ED*ET)!(BUH*Ar) 
DAD (mgkgid) =(C*CF*(~'K~*SQRT(~'~~U*~!~~))*SA*EF*ED~@W*AT) 
DAD (mpkgid) - (C*CFs(Kp'(W( I+B)-Z?au'((I +~*B)J(~+B)))~A*EF*ED~[BW*A 

Paromaer 
DAD 
lLCR 
CSFd 
HQ 

RfDd 
S A 
EF 
ED 
ET 
BU' 

A T 4  
AT-N 

C 
CF 
KP 
AD 

lIniLs 
mgkgid 

NA 
l:(mgkcd) 

N A 
mg%grd 
cml 

day~~ycar 
years 

hourr;'&y 
ks 

days 
days 
mg'L 
Lim3 

cm:bour 
N A 

5ixirhm 
Damally h h c d  dose 
lnaanmlal lifcnme csncsrrisk 
Dermal canes slope fanor 
Hazard qwtimt 
Dennal refcrmsc dOx 
Shn d a o  ma available for cumc$ 
Exposwe Irtqumcy 
Exposure duntion 
Exposurc time 
Body n,eighl 
A u q i u g  ~ c a r c ~ g a n  
Avanging dm. noacarcinogau 
Conccnaaiion of chrmical in ngts 
Convarion fanor 
Damd permability cocfficimt 
Adjustmmt for absorbed b 

lnorgmh lLCR - CDI'CSFo Adj CSF Adj -CSF!AD 
ET-to (Orgmin) HQ - CDl:Rfh Adj RID Adj - RfDWAD 
ET > t* (Bcrume & Vinyl Chloride ) 

-- - Nu applicable. 
NA - Tolicity critaion not a\ ailablc 
(I) Value for 1.2.4-Tnchloroknzcnc 

Pwmaa 

1.2.3-Tndombenzmc 
Kaphchalmt 
Tctrachlorocthmc[PCE) 

Kp,tau. t*. and B v d u a  M daived f m  thc USEPA RAGS E Guidana unl~8s01haviOc noted 

C 
(mp:L) 

0.00073 
0.005 
0.027 

Kp 
tlcm~%our) 

0.071927 
0.047 
0.033 

tau 
(houn) 

1.1 1 'I' 
056 
0.91 

c* 
(hours) 

2.66 "' 
1.34 
2.18 

B 

0.3 "' 
0.2 
0.2 

CSFd 
1dmpkr;id) 

N A  
NA 

5.4E-01 

R m d  
Imwkcidl 
1.OE-02 
2.OE-02 
I.OE-02 

Adult Yovnc Child 
Cardnoem 

DAD 
Imp.'kp!d) 
9.8506 
3.IE-05 
I.5E-W 

Carcinomu NO~SM~MEC~U 
DAD 

(me~kgid) 
J.5E-M 
l.%W5 

Ncncarrmo~ols 

Toul ILCR: 8.2E-05 100.0% 

ILCR - 
-- 

8.2E.03 

XCb&ii. 
HI 

5.6% 
8.9% 
85.6% 

DAD 
(mplieid) 
65E-05 
2.IE-04 
9.9E-04 

DAD 
(mp:ka'a) 
2.9E-OS 
9.1E-05 
4.4E-04 

%Contdb. 
TOW ILCR - 

-- 
100.0.A 

Toul HI: 5.21-02 100.0% 

HO 
2,9E-03 
4.6E-03 
4.4E-02 

ILCR 
-- 
-- 

Total HI: 1.2Edl 100.0% 

HO 
6.5E-03 
1.OE-02 
9.9E-02 

% Coobib. 
Total lLCR 

- 
-- 

8.SW5 [ 4.6E-05 

% Conmi. 
HI 

5.6% 
8.9% 
85.6% 100.0% 

Total ILCR: 4.6E-05 100.0% 



ADULT RESIDENTS - FUTURE SCENARIO 
INHALATION OF VOLATILES IN GROUNDWATER - SWMU 336 
REASONABLE MAXIMUM EXPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCRA FACILITY INVESTIGATION (CTO-0091) - MCB CAMP LEJEUNE, NORTH CAROLINA 

CDI (mglkgld) = (C *IR*EF*ED)/(B W*AT) 
ILCR = CDILCSFo 

HQ = CDL'RfDo 

Parameter 
CDI 

ILCR 
CSFo 
HQ 

RfDo 
C 

IR-W 
EF 
ED 
BW 

AT-C 
AT-N 

Units 
mg/kg/d 

NA 
l/(mg/kgid) 

NA 
mg/kg/d 

mgK 
Llday 

days/year 
years 

kg 
days 
days 

Descri~tion 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in water 
Ingestion rate of water 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

(Chemical SF 

NOTES: 
-- - Not applicable. 
NA - Toxicity criterion not available. 

(I) Value for 1,2,4-Trichlorobenzene 

Parameter 

1,2,3-Trichlorobenzene 
Naphthalene 
Tetrachloroethene (PCE) 

Residential-RME Risk Calc.xls, GWInh Page 6 of 6 

C 
(mg/L) 
0.00073 
0.005 
0.027 

CSFi 
lI(mgAcgid) 

NA 
NA 

2.OE-02 

RfDi 
(mg/kp;/d) 

1.OE-03 "' 
9.OE-04 
1.4E-01 

Adult 
Carcinogens 

CDI 
(mglkgld) 

6.9E-06 
4.7E-05 
2.5E-04 

Noncarcinogens 
CDI 

(mgkgld) 
2.OE-05 
1.4E-04 
7.4E-04 

Total ILCR: 5.1E-06 100.0% 

ILCR 
- 
- 

5.1E-06 

% Conm%. 
Total ILCR 

- 
-- 

100.0% 

Total HI: 1.8E-01 100.0% j 

HQ 

2.OE-02 
1.5E-01 
5.3E-03 

% Contrib. 
HI 

11.3% 
85.8% 
3.0% 



ADULT AND YOUNG CHILD RESIDENTS - FUTURE SCENARIO 
ACCIDENTAL INGESTION OF SURFACE SOIL - SWMU 336 
CENTRAL TENDENCY 
POTENTIAL CARCINOGENIC AND NONCARCJh'OGENlC RlSKS 
RCRA FACILITY INVESTIGATION ( C T M 9 l )  - MCB CAMP L E I E N ,  NORTH CAROLINA 

CDI (mgkgld) = (C*IRCCF*F1*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 

HQ = CDIlRfDo 

Parameter 
CDI 
LCR 
CSFo 
HQ 

RfDo 
C 

IR-S 
CF 
FI 
EF 
ED 
BW 

AT-C 
AT-N 

w 
mG"rgd 

N A 
14mglkgld) 

NA 
mg/kg/d 
mdks  
mg/day 
k g / w  

N A 
dayslycar 

years 
kg 

days 
days 

Descri~tion 
Chronic daily intake 
Incremental lifetime cancu risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging lime, nonfarcinogens 

Young 
w 
CS (Chanical Specific) 
CS 

Jum: 
- - Not applicable. 
NA -Toxicity criterion not available. 

Parameter 

Cadmium 

Rcsidcntial-CT Risk Calc.S. SSlnp 

C 
(mg/kg) 

4.16 

CSFo 
Il(mR/k&ld) 

NA 

Rmo 
(m~kg ld )  
S.OE04 

Adult Young Child 
Carcinogens 

CDI 
( m a g l d )  
1.9E-07 

Noncarcinogens Carcinogas 
CDI 

(mgkdd) 
5.1 E-07 

Noncarcinogens 

Total ILCR - -- 

% Conaib. 
HI 

100.0% 

ILCR 
- 

CDI 
(mgkR/d) 
1.9506 

CDI 
(m&g/d) 
1.8E-05 

Total HI: 3.8E-03 100.0% 

% Contrib. 
Total ILCR 

-- 
HQ 

3.8E-03 

Total ILCR: - - 

ILCR 
- 

% Contrib. 
Total ILCR 

.. 
Total HI: 3.6E-02 100.0% - 

HQ 
3.6E-02 

% Contrib. 
H1 

100.OO/o 



ADULT AND YOUNG CHILD RESIDENTS - FUIVRE SCENARIC 
DERMAL CONTACT WlTH SURFACE SOIL - SWMU 33t 
CENTRAL TENDENCY 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCRA FACILITY INVESTIGATION (CTO-0091) - MCB CAMP LEJEUNE NORTH CAROLINl 

DAD (mg'kgd) = (C*CF*AF*ABS*SA*EF8EDp(BW*AT 
ILCR - CDI'CSFd 

HQ = CDli'RtDd 

Palameter 
DAD 
ILCR 
CSFd 
HQ 

RfDd 
C 
CF 
AF 

ABS 
S A 
EF 
ED 
BW 

AT-C 
AT-N 

Pescriotion 
Dcnnally absorbed dose 
hcremental lifetime cancer r i d  
Dermal cancer slope factor 
Hazard quotient 
D e m l  referem dose 
Cancentration of chemical in soi 
Conversion factor 
Soil to skin adhcnncc factor 
Absorption fraction 
Skin surface area available for contan 
Exposure tlquenej 
Exposure duration 
Body weight 
Averaging time, carcinogem 
Avenging tim, ~ncarcinogen! 

" o w  
child CS (Chemical Spec&) 

CS 

Adult Young Child 
Carcinogens I Noncalcinogcns Carcinogens Noncarcinopns 

C CSFd RtDd DAD %ConWib. DAD %Conaib. DAD %Co&b. DAD % Coatrib. 

Cadmium 4.16 0.001 NA 2.SE05 2 . 2 ~ 1 0  - 2.2E-09 8.7505 100.0% 5.7E-10 - -- 2.OE-08 8.OE-04 100.0% 
I 

TotalILCR: - -- Total HI: 8.7505 100.0% Total ILCR - -- Total HI: 8.OE-04 100.0% 

NOTES: 
- - Not applicable. 
NA - Toxicity criterion not avnilable 



ADULT AND YOUNG CHILD RESIDENTS - l%TURE SCENARJC 
INHALATION OF F U G ~ ~ I V E  DUSTS EMANATING FROM SURFACE son - s w  331 
CENTRAL TENDENCY 
POTENTIAL CARClNOGENIC AND NONCARCINOGENlC RISKS 
RCRA FACILITY INVESTIGATION ( C T W 9 1 )  - MCB CAMP LEIEUNE NORTH CAROLIN/ 

CDI (mgkgd) = (CagRR*ET*EF*ED)/(BW'AT 
Where: Ca = C * (liPEF) 

ILCR - CDPCSFi 
HQ = CDI!RtDi 

Pameter 
CDI 
ILCR 
CSFi 
HQ 

RfDi 
Ca 

C 
PEF 
RR 
ET 
EF 
ED 
BW 
AT-C 
AT-N 

Units - 
mglgtd 
N A 

1 :(m@'kp'd) 
N A 

iw'kg'd 
m g . d  

wIrs 
m3Rg 

mlmow 
hourstday 
daysiyear 

Y'=E 
kg 

days 
days 

. . 
noboE 

Chronic daily intake 
incremental lifetime cancer rid 
Inhalation cancer slope fact01 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in air as fugitiw 

dusts 
Concentration of chemical in soi 
Particdale emission fact01 
Respiration rate 
Expow time 
Exposure frqucncy 
Exposure duration 
Body weight 
Averaging time, carrimgent 
Averaging time, wncarcinognu 

y-g 
w 
CS (Chemical Specific] 
CS 
cs 
cs 
CS 

lmB: 
- - Not applicable. 
NA - Toxicity criterion not awilable 

Rcsidp~tiJCT Risk Calrxk, SSM 

Parameter 

Cadmium 

Young Child 

Ca 
(mg'm3) 
3.15E-09 

C 
(mfi'kg) 

4.16 

Carcinogens 
CSFi 

1 i(mglk'kg1d) 

6.3E+00 

Noneminogens 
CDI 

(m~tpj 'd) 
2.3E-10 

KContrib. 
TofalILCR 

100.0% 

CDI 
(mpkg/d) 
6.6E-12 

RfDi 
(mg~kgiii) 

NA 

Total ILCR: 4.2611 100.0% 

ILCR 
4.2Ell 

Total HI. - -- 

H0 
- 

Adult 

% Contnb. 
HI 
- 

CarCinogms 

TodlLCR: 1.5E-11 100.0% I Total HI: -- - 

Noncminogens 
CDI 

(mfi~ks'd) 
2.4E-12 

% Connib. 
HI 
-- 

ILCR 

1.5E-11 

CDI 
(rngtkgtd) 

2.4E-ll 

% Conlrib. 
Total ILCR 

100.0% 
HQ 



ADULT AND YOUNG CHILD RESIDENTS - FUTURE SCEh'AlUm 
INGESTION OF GROUNDWATER AS DRINKlNG WATER - SWMU 336 
CENTRAL TENDENCY 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCRA FACILITY INVESTIGATION (CTO-0091) - MCB CAMP WJEUNE, NORTH CAROLIN 

CDI (m&g/d) = (C*IR*EF*ED)/(BW*AT) 
ILCR - CDIbCSFo 

HQ - CDVRfDo 

brameter 
CDI 
ILCR 
CSFo 
HQ 
RfDo 

C 
IR-W 

EF 
ED 
BW 

A F C  
AT-N 

!hits 
m@Wd 

N A 
l/(mgikg/d) 

N A 
mdkg'd 
mdL 
U&Y 

&ys/ye= 
years 
k6 

days 
days 

Dexri~tion 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope fauor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in water 
Ingestion rate of water 
Exposure hquency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Young 
Child 

CS (Chemical Specific) 
CS 

m: 
-- - Not applicable. 
NA -Toxicity criterion not available. 

I 

Paramela 

1,2,3-Trichlomk1l~ene 
Naphthalene 
Tetrachlomethene (PCE) 

C 
(man.) 

0.00073 
0.005 
0.027 

CSFo 
I/(rng/kp/d) 

NA 
NA 

5.4E-01 

Young Child 

RfDo 
(mwkdd) 

l.OE-02 
2.0E-02 
1.0502 

Carcinogens 
Adult 

Noncarcimfiens 
CDI 

(mgk~ld) 

8.9M7 
6.1M6 
3.3E-05 

CDI 
[mt?/kp/d) 
3.1MS 
2.1M4 
1.2E-03 

Carcinafims 

Total W R :  1.8E-05 100.0% 

ILCR 
-- 
-- 

1.8E-05 

Total HI: 1.3E-01 100.0% 

HQ 
3.1E-03 
1.IE-02 
1.2E-01 

CDI 
(mp/kp/d) 

9.4E-07 
6.4E-06 
3.5E-05 

%Contrib. 
Total ILCR 

- 
- 

100.0% 

Noncarcinocms 
% Contrib. 

HI 

2.4% 
8.3% 

89.3% 

CDI 
{mJkdd) 

9.4E-06 
6.4M5 
3.5E-04 

Total KCR: 1.9E-05 100.0% 

lLCR 

- 
1.9E-05 

%Conkrib. 
Total ILCR 

- 
-- 

100.0% 

Total HI: 3.9E-02 100.0% 

HQ 

9.4E-04 
3.2E-03 
3.SE-02 

% Contrib. 
HI 

2.4% 
8.3% 
89.3% 



ADULT ANDYOUNO CHILD R E S l D N r S  - FLTCRE SCENARI 
DERMALCOhTACT ~ ~ G R O U N D W A E R  - SWMU336 
CENTRALTENDENCY 
POTEXTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCRA FACILITY MVES'IIGATION (CTO-OW I) - MCB CAMP LEJEUNE. NORTH CAROLINA 

DAD (mgkgid) = (C*CF*Kp*SA*EFbED'ET)!(B\V*AT) 
DAD (mg!kg:d) = (C'CF8(2*Kp*SQRT(6.lau*~pi))*SA*EF*ED);(BW*A~ 
DAD (mg:kg:d) = (C*CFYKp'(ET:(I+B~2*ldll*{(l+3'B~!(I +B)))5A*EF*EDF@W*A 

Enramarr 
DAD 
ILCR 
CSFd 
HQ 

RfDd 
S A 
EF 
ED 
ET 
BW 

AT-C 
AT-Y 

C 
CF 
KP 
AD 

Q=aiQo 
Dcrmally abrorbcd dore 
Incmnmlal lifctbnc- ti& 
Dermal canca dope factor 
Hazard plotiea( 
D a m d  rdcre~sc  cbs 
Skin rurfacc m a  available for w n w  
E\posurc frspu0)cy 
Expaswe durntim 
Expowe time 
Body weight 
Avaaginp timc. carchogam 

Convarion factor 
Damd pameability mefftcicrt 
Adju%tmcnt ior &s&donc 

Inorganics ILCR- CDI.CSFo Adj CSF Adj = CSFiAD 
ET <= t* (Organics) HQ= CDliRfDo A6j RID Adj * W A D  
ET > t* (Bczmnc & Vinyl Chloride ) 

wL€s - - Not applicable. 
NA -Toxicity crilcrion not available. 

(I) Vallr far 1.2.4-Tridorobcnzeoc 

Kp, tau, I*, and B v d w  arc daivod h lhc USEPA RAGS E Guidanccunless duiwisc noted 

Pmeu 

I .U-Trichbrobcnzene 
Naphthalene 
Tmachlomc(hcnc (PCE) 

Kp 
(an~hour) 

0.071927 
0.047 
0.033 

C 
Irnf'L) 

0.00073 
0.005 
0.027 

tau 
(houra) 

1.11 "' 
0.56 
0.91 

B 

0.3''' 
0.2 
0 1  

1. 
Iholusl 

2.66 ''I 
134 
2.18 

CSFd 
litmcAidI 

W 
WA 

5.4Edl 

Y o u  Child 

IUW 
<mp.*pd) 

1.OEM 
2.0E-02 
I.0E-02 

Cdrcimcclu 
Adult 

Nonarcinoraa 
%Coohib. 
Total ILCR 

- 
- 

100.0% 

DAD 
(mgkfd) 
7.1E-07 
2.3606 
I.IE-05 

% Conuib. 
HI 

5.676 
8.9% 
85.6% 

TotallLCR: 5.9E-06 100.0% 

DAD 
lm@:kcid) 
2SE-0.5 
7.9E-05 
3.8E01 

Carc imms 

ILCU 
-- 
- 

S.9E-U 

Toral HI: 4.48-02 100.0% 

HO 
25E-03 
3.9E-03 
3.8E-02 

No~cMinocem 
DAD 

(metk~'6) 
1JE-06 
4.0E-06 
9 E O  

%Connib. 
HI 

5.6% 
8.9% 
85.6% 

Tnnl ILCR: I.OMS 100.0% 

RCR 
- 
- 

I.OE45 

DAD 
Lm@,k~'dI 
1.3E-05 
4.OE-M 
1.9E-M 

TotnlHI: 23-2 IOO.w 

%ConIrib. 
Total ILCR 

- 
-- 

100.0.h 

HO 
13Eb3 
2.0-3 
I.9ti-02 



A D a T  RESlDENTS - FUTURE SCENARIO 
INHALATION OF VOLATILES IN GROUNDWATER - SWMU 336 
CENTRAL, TENDENCY 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCRA FACILITY INVESTIGATION (CTO-0091) - MCB CAMP LEJEUNE, NORTH CAROLINA 

CDI (mg/kg/d) = (C*IR*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 

HQ = CDI/RfDo 

Parameter 
CDI 
ILCR 
CSFo 
HQ 

RfDo 
C 

IR-W 
EF 
ED 
BW 

AT-C 
AT-N 

Units 
mgkgld 

NA 
l/(mg/kg/d) 

NA 
mg W d  

m@L 
Uday 

dayslyear 
Years 
kg 

days 
days 

Descri~tion 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in water 
Ingestion rate of water 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

(Chemical Sf 

NOTES: 
-- - Not applicable. 
NA - Toxicity criterion not available. 

(1) Value for 1,2,4-Trichlorobenzene 

Parameter 

1,2,3-Trichlorobenzene 
Naphthalene 
Tetrachloroethene (PCE) 

~esidential-CT Risk Calc.xls, GWInh Page 6 of 6 

C 
(mgk) 
0.00073 
0.005 
0.027 

CSFi 
ll(mgjkg/d) 

NA 
NA 

2.OE-02 

RfDi 
(mgkgld) 

1.OE-03 "' 
9.OE-04 
1.4E-01 

Adult 
Carcinogens Noncarcinogens 

% Contrib. 
Total ILCR 

- 
-- 

100.0% 

CDI 
(mg/kg/d) 

9.4E-07 
6.4E-06 
3.5E-05 

CDI 
(mgkg/d) 

9.4E-06 
6.4E-05 
3.5E-04 

Total ILCR: 6.9E-07 100.0% 

ILCR 
-- 
-- 

6.9E-07 

Total HI: 8.3E-02 100.0% 1 

HQ 
9.48-03 
7.1E-02 
2.5E-03 

% Contrib. 
HI 

11.3% 
85.8% 
3.0% 



ADULT CONSTRUCTION WORKERS - FUTURE SCENARIO 
ACCIDENTAL INGESTION OF SURFACE SOIL - SWMU 336 
REASONABLE MAXIMUM EXPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RlSKS 
RCRA FACILITY W S T I G A T I O N  (CTO-0091) - MCB CAMP LEJEUNE, NORTH CAROLINA 

CDI (mg/kg/d) = (C*IR*CF*FI*EF*ED)/(BW*AT) 
ILCR = CDI*CSFo 

HQ = CDI/RfDo 

Parameter 
CDI 

ILCR 
CSFo 
HQ 

m o  
C 

IR-S 
CF 
FI 
EF 
ED 
BW 

AT-C 
AT-N 

Units 
mg/kg/d 

NA 
1 /(mg/kg/d) 

NA 
mg/kg/d 
mdkg 
mdday 
W m g  
NA 

dayslyear 
years 

kg 
days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, nonwcinogens 

Adult 
CS (Chemical Specific) 
CS 
CS 
CS 
CS 
CS 
480 

1.00E-06 
1 

250 
1 

70 
25,550 

365 

NOTES: 
- - Not applicable. 
NA - Toxicity criterion not available. 

Parameter 

Cadmium 

construction Worker-RME Risk Calc.xls, SSlng Page 1 of 4 

C 
(mgkg) 

4.16 

CSFo 
1 /(mglkg/d) 

NA 

RfDo 
(mgkgld) 

5.OE-04 

Carcinogens Noncarcinogens 
% Contrib. 
Total ILCR 

-- 

CDI 
(mgkgld) 
2.OE-05 

CDI 
( m g w d )  
2.8E-07 

Total ILCR: -- -- 

ILCR 
-- 

Total HI: 3.9E-02 100.0% J 

HQ 
3.9E-02 

% Contrib. 
HI 

100.0% 



ADULT CONSTRUCTION WORKERS - FUXiRE SCENARIO 
DERMAL CONTACT WITH SURFACE SOIL - SWMU 336 
REASONABLE MAXIMUM EXPOSURE 
POTENTIAL CARCTNOGENIC AND NONCARCINOGENIC RISKS 
RCRA FACILITY INVESTIGATION (CTO-009 1) - MCB CAMP LEJEUNE, NORTH CAROLINA 

DAD (mgkgfd) = (C*CF*AF*ABSrSA*EF*ED)/(13W*AT) 
ILCR = CDItCSFd 

HQ = CDVRDd 

Parameter 
DAD 
ILCR 
CSFd 
HQ 

RtDd 
C 

CF 
AF 

ABS 
S A 
EF 
ED 
BW 

AT-C 
AT-N 

Units 
mgikgld 

NA 
ww/kg/d) 

NA 
mgkgld 
mgkg 
W m g  

mgicm2 
NA 

cni2/day 
dayslyear 

Years 
kg 

days 
days 

Descrinti~n 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Adult - 
CS (Chemical Specific) 
CS 
CS 
CS 
CS 
CS 

1 .OOE-06 
0.2 
(1) 

3,300 
250 

1 
70 

25,550 
3 65 

Carcinogens Noncarcinogens 
C CSFd RfDd DAD % Contrib. DAD % Contrii. 

Parameter (mg/kg) ABS I/(mgkg/d) (mgkgtd) (mg/kg/d) ILCR Total ILCR (mgkgld) HQ HI 

Cadmium 4.16 0.001 NA 2.5E-05 3.8E-10 - -- 2.7E-08 l.lE-03 100.0% 

Total ILCR: - -- Total HI: l.lE-03 100.0% 

NOTES: 
-- - Not applicable. 
NA - Toxicity criterion not available. 

Consmction Worker-RME Risk Calc.xls, S S D m  Page 2 of 4 



ADULT CONSTRUCTION WORKERS - FUTURE SCENARIO 
INHALATION OF FUGITIVE DUSTS EMANATING FROM SURFACE SOIL - SWMU 336 
REASONABLE MAXIMUM EXPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RlSKS 
RCRA FACILITY MVESTIGATION (CTO-0091) - MCB CAMP LEJEUNE, NORTH CAROLINA 

CDI (mgn<g/d) = (Ca*RR*ET*EF*ED)/(BW*AT) 
Where: Ca = C * (l/PEF) 

ILCR = CDI*CSFi 
HQ = CDVRfDi 

Parameter 
CDI 

ILCR 
CSFi 
HQ 

RfDi 
Ca 

C 
PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
AT-N 

mgJkg 
m3lkg 

m3lhour 
hourslday 
days/year 

Years 
kg 

days 
days 

Descrivtion 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in air as fugitive 

dusts 
Concentration of chemical in soil 
Particulate emission factor 
Respiration rate 
Exposure time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

@lJ 

CS (Chemical Specific) 
CS 
CS 
cs 
CS 

NOTES: 
-- - Not applicable. 
NA - Toxicity criterion not available. 

Parameter 

Cadmium 

Construction Worker-RME Risk Calc.xls, SSInh Page 3 of 4 

C 
(mgkg) 

4.16 

Ca 
(rngIm3) 

1.50E-06 

CSFi 
ll(mglkgld) 

6.3E+00 

RfDi 
(mg/kg/d) 

NA 

Carcinogens 
CDI 

(mg/kg/d) 

5.5E-09 

Noncarcinogens 
CDI 

(rngkdd) 
3.9E-07 

Total lLCR: 3.5E-08 100.0% 

ILCR 

3.5E-08 

%Contrib. 
Total ILCR 

100.0% 

Total HI: -- -- 

HQ 
-- 

% Contrib. 
HI 

-- 



PARTICULATE EMlSSION FACTOR - CONSTRUCTION WORKERS 
SWMU 336 
RCXA FACILITY INVESTIGATION (CTO-0091) - MCB CAMP LEJEUNE, NORTH CAROLINA 

PEF QfC, x IFD x T x AR 

x (wB)'.~ x (365-p3/365 x Sum(VKT) I 
QIC, = A x exp ((lnAs - B)'/c) 

Symbol Definition (units) Default Reference 

QIC, Inverse of a I -h avg. air concentration along a straight 
road bisecting a 1.42 acre square site (glm2 -slkglm3) 19.4 USEPA 2001 

A Constant (unitless) 12.9351 USEPA 2001 

Anal extent of site surface soil contamination (acres) 

Constant (unitless) 
Constant (unitless) 
Dispersion correction factor 
Total time over which construction occurs (s) 

Surface area of contaminated road segment (m 2, 

Mean vehicle weight (tons) 
Number of days with at least 0.01 inches of 
precipitation (dayslyear) 

Sum of fleet vehicle kilometers traveled during the 
exposure duration (km) 

Site-specific 

USEPA 2001 
USEPA 2001 
USEPA 2001 
USEPA 2001 
Site-specific 

USEPA 200 1 
USEPA 2001 

USEPA 2001 

PEF Particulate Emission Factor (rn3/kg;) 2.77E+06 Sitespecific 

Assumptions 

W assumptions: 20 - 2-ton cars and 10 - 20-ton trucks = 30 vehicles 

Sum(VKT) assumptions: 
Assume that the site is 1.42 acres configured as a square with the unpaved 

road segment dividing the square evenly. The mad length equals the square 
root of the 1.42 acres (0.076 km). Assume that each vehicle travels the length 
of the road 1 time per day, 5 days per week, for a total of 12 months (1 year) 

= 30 vehicles x 0.076 kmlday x 50 week* x 5 daystweek = 570 km 

A, assumptions: 
Based on VKT, the road length is 76 m and assume the road 
width is 50 ft. (15.24). 

QIC, Calculation 

Ln As 0.35 1 

(Ln - B ) ~  29.0 

(Ln As - B)'/c 0.404 
AS - BwC 1 .so 

A e&n AS - B)ZC 19.4 QIc, 

PEF Calculation 
Q/C, x I F D  105 

T x A, 8,317,998,692 

(w13)O.~ 1.48 
(365-p)/365 0.671 

556 x (w/~)O.~ x (365-p3/365 x Sun(VKT) 3 14,927 

T x AR/556 x ( ~ / 3 ) ' . ~  x (365-pY365 x Sum(VKT) 26,412 
PEF 2,767,261 

1.42 acres / 0.000247 acres / rn2 = 5,749 m2 
sqrt (5749) 1 1000 = 0.076 km 

Reference 

USEPA 2001. Draft Supplemental Guidance for Developing Soil Screening Levels 
for Superfund Sites. OSWER 9355.4-24. 

Exposure Pararneten.xls, PEFc 



ADULTCONSTRUCTION WORKERS - FUTURE SCENARIC 
DERMAL CONTACT WITH GROUNDWATER - SWMU 33 
REASONABLE MAXIMUM EXPOSClRI 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISK! 
RCRA FACILITY MVESTXGATION (CTO-0091) - MCB CAMP LEJ'EUNE, NORTH CAROLIN 

DAD (mgkgld) = (CLCF*Kp*SA*EF*ED*ET)/(BW*AT, Inorganics ILCR = CDI'CSFo Adj CSF Adj = CSFJAD 
DAD (mghgld) = (C*CF*(Z*Kp*SQRT(6*tau*ET/pi))WEF*ED)/(BW*AT ET <= t* (Organics) HQ = CDURfDo Adj R f D  Adj = RfD*AD 
DAD (mgntgld) = (C*CF*(K~*(ET/(~+B)+~*~~U*((~+~*BY(~+B)))*SA*EPED)I(BW'AI ET > t* (Benzene & Vinyl Chloride : 

Parameter 
DAD 
ILCR 
CSFd 
HQ 

RfDd 
S A 
EF 
ED 
ET 
BW 

AT-C 
AT-N 

C 
CF 
KP 
AD 

Units 
w w d  
N A 

Ww!kdd) 
N A 

m&dd 
cm2 

daydyear 
years 

hoursiday 
ks 

days 
days 
mgn  
Ucm3 

cmfhour 
N A 

Descrivtiog 
Dermally absorbed dosc 
Incremental lifetime canca risl 
Dermal cancer slope facto 
Hazard quotient 
Dennal reference dost 
Skin surface area available for contac 
Exposure frequency 
Exposure duration 
Exposure time 
Body weight 
Averaging time, carcinogen! 
Averaging time, noncarcinogen: 
Concentration of chemical in wate: 
Conversion fact01 
Dennal permeability coefficien 
Adjustment for absohd dosc 

Adult - 
CS (Chemical Specific: 
CS 
CS 
CS 
CS 

3,300 
250 

I 
2.60 
70 

25,550 
365 
CS 

1 .OOE-03 
CS 
CS 

NOTES: 
- - Not applicable. Kp, tau, t*, and B values are derived fmm the USEPA RAGS E Guidance unless otherwise nott 
NA - Toxicity criterion not available 

( I )  Value for 1,2,4-Trichlorobenzenc 

I Consrmclion Worker-RME Risk Caic.xls. GWDenn 

Parameter 

1,2J-Trichlorobenzene 
Naphthalene 
Tetrachloroethene (PCE: 

Noncarcinogens 
B 

0.3 (I' 
0.2 
0.2 

C 
(mgn) 
0.00073 
0.005 
0.027 

% Contrib. 
HI 

5.2% 
9.0% 
85.8% 

DAD 
(mgikgld) 
8.OE-06 
2.8E-05 
1.3E-04 

CSFd 
I/(mg/kg/d) 

NA 
NA 

5AE-01 

Total HI: 1.5E-02 100.0% 

HQ 
8.OE-04 
1.4E-03 
1.3E-02 

RtDd 
(mglkdd) 
1.0~-02 ' I )  

2.OE-02 
I.OE-02 

t* 

(bus) 
2.66 "I 

1.34 
2.18 

KP 
(crnlhour) 

0.07192695 
0.047 
0.033 

tau 
(hours) 

1.1 1 "' 
0.56 
0.91 

Carcinogens 
DAD 

(mglkgld) 
l.lE-07 
4.OE-07 
1.9E-06 

Toral lLCR: I.OE06 100.0% 

ILCR 
-- 
-. 

1.OE-06 

%Contrib. 
Total lLCR 

-- 
-- 

100.0% 
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CHECKLIST FOR ECOLOGICAL ASSESSMENTSISAMPLING 

SITE LOCATION 

Site Name SWMU 336 
US EPA ID Number NA 
Location hfan'ne Corbs Base Camb h i e m e  
County Onslow City lacksonville State IVC 

Latitude 34 O45'N Longitude 77 O25' 1V 

Attach site maps, including a topographical map, a diagram that illustrates the layout 
of the facility (e.g., site boundaries, structures, etc.), and maps showing all habitat 
areas identified in Section I11 of the checklist. Also, include maps that illustrate 
known and suspected release areas, sampling locations and any other important 
features, if available. 

Site maps are included within the main text ofthis report (RFI Repotl). 

SITE CHARACTERIZATION 

Indcate the approximate area of the site (i.e., acres or sq. ft.) 

S WMU 336 - Building A S 4  106 @pmximate& 10Ox40jet. Drain from bt/ilditg.j?oor drain 
extends @pmx 25jet out from buildi~g (horthwest). St@ area inclz4des building and soils ubove 
drainage pipes. 

Is this the first site visit? X Yes No @st visit ecolog@ 
If no, attach trip report of previous site visit(s), if available. 

Dates(s) of previous site visit(s) NA 

Are aerial or other site photographs available? O XYes No 
If yes, please attach any avadable photo(s) to the site map to the report. 

A n  aerialjhoto ispres~nkd as F@re 7-1 ofthis repot?. Additional site photos follow this 
checkiist. 

Provide an approximate breakdown of the land uses on the site: 

% Heavy Industrial 100 % Light Industrial % Urban 

% Residential % Rural % ~~ricultural~ 

% Recreationala % Undisturbed % Otherc 

'For recreational areas, please describe the use of the area (e.g., park, playing field, etc). 



b ~ o r  agricultural areas, please list the crops andlor livestock which are present. 

'For areas designated as "other," please describe the use of the area. 

5. Provide an approximate breakdown of the land uses in the area surrounding the site. 
Indicate the radius (in miles) of the area described: 1/4 mile 

% Heavy Industrial - 100 % Light Industrial % Urban 
(building a4acent to airfield) 

% Residential % Rural % ~ ~ r i c u l t u r a l ~  

% Recreationala % Undisturbed % Other ' 

"For recreational areas, please describe the use of the area (e.g., park, playing field, golf course, 
etc). 

b ~ o r  agricultural areas, please list the crops andlor livestock which are present. 

"For areas designated as "other," please describe the use of the area. 

6.  Has any movement of soil taken place at the site? Yes X No 
If yes, indicate the likely source of the disturbance, (e.g., erosion, agricultural, 
mining, industrial activities, removals, etc.) degree of disturbance, and estimate 
when these events occurred. 

7. Do any sensitive environmental areas exist adjacent to or in proximity to the site, 
(e.g. Federal and State parks, National and State monuments, wetlands)? 
Remember, floodplains and wetlands are not always obvious; do not answer "no" 
without conJrming information. See Table 1 for a list of contacts. 

Norre observed. 

Please provide the source(s) of information used to identify these sensitive areas, 
and indicate their general location on the site map. 

Constllted Inventory cf the Rare Sbe~.ies, Natural Co~nmunitie~~. and CtiticalAreas of the Comb 
Ljeune Marine Co@ Base, N o r ~ h  Carolina fiBlond, F ~ s ~ e l l ,  and Bruswell 1994) to determine 
if sensitive areas were present in the vicinity ofthe site. Also checked National Wetland Invent09 
mapping on Camp Ljeune GIJ website (WW. bukereilt~. com/ cani@tjeune-i@) 



8. What type of facility is located at the site? 

Chemical Manufacturing Mixing 

0 Waste Disposal 0 X Other (specify) 

SWM U 336 consists of apair ofpaitzt stripping vats located wi'1hin Building A S 4  106. 

9. Identify the contaminants of potential concern (COPCs) at the site. If known, 
include the maximum contaminant levels. Please indicate the source of data cited 
(e.g., RFI, conlirmatory sampling, etc). 

Paint andpaint stripping materials/chemicals associated with paint stnppi~g vats 

10. Check any potential routes of off-site migration of contaminants observed at the 
site: 

Swales O Depressions Drainage Ditches 

Runoff O Windblown Particulates Vehicular Traffic 

X Other (specify): floor drains leading to exterior ofbt~ilding/ sewer ?stem 

11. Indlcate the approximate depth to groundwater (in feet below ground surface [(bgs)]. 
According to Phase I1 CSI - depth to groundwater appros. 1 1.6 to 1 1.7jet 6gs. 

12. Indicate the direction of groundwater flow (e.g., north, southeast, etc.) 
Could not be determined - limitedgroundwater data at site. Strspected to be toward New River 
(1.25 miles east ofthe SHYMU). 

13. Is the direction of surface runoff apparent from site observations? XYes No 
If yes, to which of the following does the surface runoff discharge? Indicate all that 

apply. 

Surface water X Groundwater Sewer 
(exteriorgrass area direct it$ltratioon to groundwater) 

Collection Impoundment 

14. Is there a navigable water body or tributary to a navigable water body? 
q Yes OX No 



15. Is there a water body anywhere on or in the vicinity of the site? If yes, also complete 
Section III.B.l: Aquatic Habitat Checklist -- Non-Flowing Systems and/or Section 
III.B.2: Aquatic Habitat Checklist -- Flowing Systems. 

17 Yes (approx. distance 1 X No 

New River is approximate& 1.25 miles east g'the S W U .  

16. Is there evidence of floodmg? Yes X No 
Wetland andji'oodplains are not alwgs obvious. Do not answer "no" witbout conjirming 
information. If yes, complete Section 1II.C: Wetland Habitat Checklist. 

17. If a field guide was used to aid any of the identifications, please provide a reference. 
Also, estimate the time spent identifying fauna. (Use a blank sheet if additional space 
is needed for text.) 

NA 
18. Are any threatened and/or endangered species (plant or animal) known to inhabit 

the area of the site? Yes 17 X No 
If yes, you are required to verify this information with the U.S. Fish and Wildlife 
Service or other appropriate agencies (see Table 1 for a list of contacts). If species' 
identities are known, please list them next. 

19. Record weather conditions at the site at the time of the site visit when information 
for completion of this checklist was prepared: 

DATE 16 Febma'y 2005 

60s Temperature (OC/YE) 

Wind (direction/speed): light breeqe 

Cloud Cover: mo.st4 clear skie.r, some cumulo/4s clauds 

Normal dady high temperature (OC/OF): @$rox. 60 'F 
(source: htq:/ /WWW. tip-data. corn/ tip/, Jack~onviIIe-North-C~~roliiza. html) 

Precipitation (rain, snow): none 

20. Describe reasonable and likely future land and/or water use(s) at the site. 

.Ytu~$ area wiII continue to be ~sedjbrpint  stnppingfor the forese~able future. 



21. Describe the historical uses of the site. Include information on chemical releases 
that may have occurred as a result of previous land uses. For each chemical 
release, provide information on the form of the chemical released (i.e., solid, 
liquid, vapor) and the known or suspected causes or mechanism of the release 
(i.e., spills, leaks, material disposal, dumping, explosion, etc.). 

N o  historical chemical releases are known. Arty  spilh that occurred within the bailding are proper4 
contained and cleuned qb according to Base personnel (as indicated in Phase II Reponj. 

22. Identify the media (e.g., soil [surface or subsurface], surface water, air, 
groundwater) which are known or suspected to contain COCs. 

Soil (suface and subs~iface) andgroundwater were ident$ed ar media o f  concern in the Phase I1 
CSI. 

IIA A . Y  OF OBSERVATIONSAND SlTE !3EITING 

Include information on significant source areas and migration pathways that are 
likely to constitute complete exposure pathways. 

SWMU 336 is located in the middle ofa h&h& indastriafi~ed area ofthe Base, agacent to the 
ai@eeld. Access (to humans and larger bodied upper trophic let~el  receptors) is restricted byjncing 
that sectires the ai$eld Temestn'al habitat in the study area is limited t o  a narrow stretch oJ' 
maintained lawn, which extends rnroxiimateb 25 jeet old from the builditg and exfendspast the 
length ofthe bui/ding (100 feet; totalgrass area >2500 f?). A mix ofgrassses and herbaceo~rs 
species were gmwing in this lawn. N o  J-mall mammah or other animah were obserued during the 
site visit. Based on the distance to habitat that wodd be suitable for dwelling (rather than jjlst 
foraging), it is utthke& that such receptors wodd be Present in this area. It is possible that the lawn 
area sqbports terrestrial invertebrates; however, it shozrld be noted thatpesti~ide use dong the 
perimeter o f  Base buildings is common. Avian receptors m q  access the maintained lawn, but zrse o f  
this area by avian recptors is anticipated to be limited by the active industrial nature of the site (and 
also probab4 by lack o f  invertebrates in soil due to su.pectedpesticide use). 

Checklist Completed by Heather G. Wojdak 

Affiliation Michael Baker Jr., Inc 

Author Assisted by NA 

Date 16 February 2005 



In. HABITAT EVALUATION 

1II.A Terrestrial Habitat Checklist 

III.A.l Wooded 

Are any wooded areas on or adjacent to the site? Yes X No 

If yes, indicate the wooded area on the attached site map and answer the 
following questions. If more than one wooded area is present on or adjacent to 
the site, make additional copies of the following questions and fill out for each 
individual wooded area. Distinguish between wooded areas by using names or 
other designations, and clearly identify each area on the site map. 

If no, proceed to Section III.A.2: ShrubIScrub 

Are any shrublscrub areas on or adjacent to the site? Yes X N o  

If yes, indicate the shrublscrub area on the attached site map and answer the 
following questions. If more than one shrub/scrub area is present on or adjacent 
to the site, make additional copies of the following questions and fill out for each 
individual shrublscrub area. Distinguish between shrublscrub areas, using names 
or other designations, and clearly identify each area on the site map. 

If no, proceed to Section III.A.3: Open Field 

III.A.3 Open Field 

Are any open field areas on or adjacent to the site? Yes X No 

If yes, indicate the open field area on the attached site map and answer the 
following questions. If more than one open field area is present on or adjacent to 
the site, make additional copies of the following questions and fill out for each 
individual open field area. Distinguish between open field areas, using names or 
other designations, and clearly identie each area on the site map. 

If no, proceed to Section III.A.4: Miscellaneous 



III.A.4 Miscellaneous 

Are other types of terrestrial habitats present at the site, other than woods, 
scrub/shrub and open field? Yes 0 X N o  

If yes, indicate the area on the attached site map and answer the following 
questions. If more than one of these areas are present on or adjacent to the site, 
make additional copies of the following questions and fill out for each individual 
area. Distinguish between areas by using names or other designations. Clearly 
identify each area on the site map. 

If no, proceed to Section 1II.B: Aquatic Habitats. 

1II.B Aquatic Habitats 

Note: Aquatic systems are often associated with wetland habitats. Please refer to 
Section III.C, Wetland Habitat Checklist. 

III.B.l Non-Flowing Systems 

Are any non-flowing aquatic features (such as ponds or lakes) located at or 
adjacent to the site? 

Y e s  X No 

If yes, indicate the aquatic feature on the attached site map and answer the . 
following questions regarding the non-flowing aquatic features. If more than one 
non-flowing aquatic feature is present on or adjacent to the site, make additional 
copies of the following questions and fill out for each individual aquatic feature. 
Distinguish between aquatic features by using names or other designations. 
Clearly identify each area on the site map. 

If no, proceed to Section III.B.2: Flowing Systems 

III.B.2 Flowing Systems 

Note: Aquatic systems are often associated with wetland habitats. Please refer to 
Section III.C, Wetland Habitat Checklist. 

Are any flowing aquatic features (such as streams or rivers) located at or adjacent 
to the site? 

Yes  X No 



If yes, indicate the system on the attached site map and answer the following 
questions regarding the flowing system. If more than one flowing system is 
present on or adjacent to the site, make additional copies of the following 
questions and complete one set for each individual aquatic feature. Distinguish 
between flowing systems by using names or other designation. Clearly identify 
each area on the site map 

If no, proceed to Section 1II.C: Wetlands Habitats. 

1II.C Wetland Habitats 

Are any wetland' areas such as marshes or swamps on or adjacent to the site? 

Yes OX No 

If yes, indicate the wetland area on the attached site map and answer the 
following questions regarding the wetland area. If more than one wetland area is 
present on or adjacent to the site, make additional copies of the following 
questions and fill out one for each individual wetland area. Distinguish between 
wetland areas by using names or other designations (such as location). Clearly 
identify each area on the site map. Also, obtain and attach a National Wetlands 
Inventory Map (or maps) to illustrate each wetland area. 

IdentifL the sources of the observations and information (e.g., National Wetland 
Inventory, Federal or State Agency, USGS topographic maps) used to make the 
determination whether or not wetland areas are present. 

If no wetland areas are present, proceed to Section 1II.D: Sensitive Environments 
and Receptors. 

1II.D Sensitive Environments and Receptors 

1.  D o  any other potentially sensitive environmental areas2 exist adjacent to or within 

'Wetlands are defined in 40 CFR $232.2 as " Areas inundated or saturated by surface or groundwater at a 
frequency and duration sufficient to support, and that under normal circumstances does support, a prevalence 
of vegetation typically adapted for life in saturated soil conditions." Examples of typical wetlands plants 
include: cattails, cordgrass, willows and cypress trees. National wetland inventory maps may be available at 
http:\\nwi.fws.gov. Additional information on wetland delineation criteria is also available from the Army 
Corps of Engineers. 



one-half mile o f  the site? If yes, list these areas and provide the source(s) o f  
information used t o  identi@ sensitive areas. Do not answer 'ho" without conJmation from 
the U.S. Fish and Wildlzjr, Seruice and other appropriate agencies. See Table lfor a list o f  
contacts. 

No 

2. Are any areas o n  o r  near (i.e., within one-half mile) the site owned or used by local 
tribes? If yes, describe. 

3. Does  the site serve or potentially serve as a habitat, foraging area or refuge by rare, 
threatened, endangered, candidate and/or  proposed species (plants or animals), or 
any otherwise protected species? If yes, identify species. This infomation shodd be 
obtainedfm the U.S. Fish and WiIdlzjr, Service and other appropriate agencies. See Table lfor a 
list o f  contacts. 

4. Is  the site potentially used as a breeding, roosting or feeding area by migratory bird 
species? If yes, identify which species. 

Sensitive Environments and Receptors Questions (continued) 

5. I s  the site used b y  any ecologically3, recreationally o r  commercially important 
species? If yes, explain. 

Areas that provide unique and often protected habitat for wildlife species. These areas are typically used 
during critical life stages such as breeding, hatching, rearing of young and overwintering. Refer to Table 2 
at the end of this document for examples of sensitive environments. 

Ecologically important species include populations of species which provide a critical (i.e., not 
replaceable) food resource for higher organisms. These species' functions would not be replaced by more 
tolerant species or perform a critical ecological function (such as organic matter decomposition) and will 
not be replaced by other species. Ecologically important species include pest and opportunistic species that 
populate an area if they serve as a food source for other species, but do not include domesticated animals 
(e.g., pets and livestock) or plants/animals whose existence is maintained by continuous human 
interventions (e.g., fish hatcheries, agricultural crops, etc). 



IV. EXPOSURE PATHWAY EVALUATION 

1. Do existing data provide sufficient information on the nature, rate and extent of 
contamination at the site? 

o X Yes 
0 No 
0 Uncertain 

Please provide an explanation for your answer. 

See discussion in Sectiotz 7 q'this reportfor details reguring e@ost/repclthwu_ys. 

2. Do existing data provide sufficient information on the nature, rate and extent of 
contamination in offsite affected areas? 

o Yes 
0 No 

Uncertain 
0 X N o  offsite contamination 

Please provide an explanation for your answer. 

Soil contamination has been delimited; contaminatedgroundwater does not reach aquatic habitat. 

3. Do existing data address potential migration pathways of contaminants at the site? 

XYes (based on sample locutions) 
No 

0 Uncertain 

Please provide an explanation for your answer. 

4. Do existing data address potential migration pathways of contaminants in offsite 
affected areas? 

o X Yes 
0 No 
o Uncertain 
0 No offsite contamination 

Please provide an explanation for your answer. 



5. Are there visible indications of stressed habitats or receptors on or near (i.e., w i t h  
one-half mile) the site that may be the result of a chemical release? If yes, explain. 
Attach photographs if avadable. 

None observed. 

6.  Is the location of the contamination such that receptors might be reasonably 
expected to come into contact with it? For soil, this means contamination in the soil 
0 to 1 foot below ground surface @gs). If yes, explain. 

Yes for sr~fa~'e soiIpathwq - vro forgroundwaterpathwg (See Section 7). 

7. Are receptors located in or using habitats where chemicals exist in air, soil, sediment 
or surface water? If yes, explain. 

Yes - terrestriaI$ora outside o f  bziilding. Possibilip o f  tewestt-a1 invertlr in this area. Unlimited 
access avaiIabIe to avian receptors - althozlgh use is expected to be limited in this industriaIiied 
area. 

8. Could chemicals reach receptors via groundwater? Can chemicals leach or dissolve 
to groundwater? Are chemicals mobile in groundwater? Does groundwater 
discharge into receptor habitats? If yes, explain. 

N o  - chemicals L.an leach togroundwater, but 710 evidence ofgroundwater discharge to receptor 
habitats. 

9. Could chemicals reach receptors through runoff or erosion? Answer the following 
questions. 

What is the approximate distance from the contaminated area to the nearest 
watercourse? 

0 feet (i.e., contamination has reached a watercourse) 
1-10 feet 
1 1-20 feet 
21-50 feet 
51-100 feet 
101-200 feet 
> 200 feet 
> 500 feet 
X > 1000 feet 



What is the slope of the ground in the contaminated area? 

What is the approximate amount of ground and canopy vegetative cover in the 
contaminated area? 

Is there visible evidence of erosion (e.g., a rill or gully) in or near the contaminated 
area? 

P Yes 
o X No 
P Do not know 

Do any structures, pavement or natural drainage features direct run-on flow (i.e., 
surface flows orignating upstream or uphdl from the area of concern) into the 
contaminated area? 

0 Y e s  
X No 
Donot know 

10. Could chemicals reach receptors through the chspersion of contaminants in air (e.g., 
volaalization, vapors, fugitive dust)? If yes, explain. 

iVo - source undergroundpipes - volatili~ation limited by lawn. 

11.  Could chemicals reach receptors through migration of non-aqueous phase liquids 
(NAPLs)? Is a NAPL present at the site that might be migrating towards receptors 
or habitats? Could NAPI, discharge contact receptors or their habitat? 



TABLE 1 
SENSITIVE ENVIRONMENT CONTACTS 

CONTACT TELEPHONE # SENSITIVE ENVIRONMENT 

NC Division of Parks and (919) 733-4181 State Parks 
Recreation - National Fax: (919) 715-3085 
Heritage Program Areas Important to Maintenance 

of Unique Natural Communities 

Sensitive Areas Identified Under 
The National Estuary Program 

Designated State Natural Areas 

State Seashore, Lakeshore, and 
River Recreational Areas 

Rare species (state and federal 
Threatened and Endangered) 

Sensitive Aquatic Habitat 

NC Planning and Natural (9 19) 846-999 1 
Resources 

State Wild & Scenic Rivers 

National Park Sewice (404) 562-3 103 
Public Affairs Office 

Internet 

National Seashore, Lakeshore 
and River Recreational Areas 

National Parks or Monuments 

www.nps.gov/rivers Federal Designated Wild & 
Scenic Rivers 

US Forest Service Designated and Proposed 
Federal Wilderness and Natural 
Areas 

National Preserves and Forests 

Federal Land Designated for the 
protection of natural ecosystems. 



CONTACT TELEPHONE # SENSITIVE ENVIRONMENT 

NC Division of Water (919) 733-6510 
Quality 

Critical Areas Identified Under 
the Clean Lakes Program 

(919) 733-5083 State-Designated Areas for 
Ask for Clean Water Act Protection or Maintenance of 
305b report Aquatic Life 

NC Division of Forest (919) 733-2162 x 234 State Preserves and Forests 
Resources 

US Fish & Wildlife (919) 856-4520 x 1 1  Terrestrial Areas Utilized for 
Service Breeding by Large or Dense 

Aggregations of Animals 

NC Wildlife Resources (252) 45 1-2534 
Commission 

National or State Wildlife 
Refuges 

NOAA (301) 713-3145 x 173 Marine Sanctuaries 

NC Department of (919) 733-4763 
Cultural Resources 

National and State Historical 
Sites 

NC Division of Coastal (919) 733-2293 
Management 

Areas Identified Under Coastal 
Protection Legislation 

Internet httr,:Ndcm2.enr.state.nc.u~ Coastal Barriers or Units of a 
Coastal Barrier Resources 
System 

NC Wildlife Resources (919) 733-3633 
Commission 

Spawning Areas Critical for the 
Maintenance of Fish/Shellfish 
Species within River, Lake or 
Coastal Tidal Waters. 

Migratory Pathways and Feeding 
Areas Critical for Maintenance 
of Anadromous Fish Species 
within River Reaches or Areas in 
Lakes or Coastal Tidal Waters in 
Which such Fish Spend Extended 
Periods of Time 

State Lands Designated for 
Wildlife or Game Management 

US Army Corps of (919) 876-8441, ext. 28 Wetlands 
Engineers 



TABLE 2 
EXAMPLES OF SENSITIVE ENVIRONMENTS 

National Parks and National Monuments 

Designated or Administratively Proposed Federal Wilderness Areas 

National Preserves 

National or State Wildlife Rehges 

National Lakeshore Recreational Areas 

Federal land designated for protection of natural ecosystems 

State land designated for wildlife or game management 

State designated Natural Areas 

Federal or state designated Scenic or Wild River 

All areas that provide or could potentially provide critical habitat' for state and 
federally listed Threatened or Endangered Species, those species that are currently 
petitioned for listing, and species designated by other agencies as sensitive or 
species of concern. 

Marine Sanctuary 

Areas identified under the Coastal Zone Management Act 

Sensitive areas identified under the National Estuary Program or Near Coastal 
Waters Program 

Critical areas identified under the Clean Lakes Program 

National Seashore Recreational Area 

Habitat known to be used by Federal designated or proposed endangered or 
threatened species 

1 Critical habitats are defined by the Endangered Species Act (50 CFR §424.02(d)) as: 

1) Specific areas within the geographical area currently occupied by a species, at the time it is listed in 
accordance with the Act, on which are found those physical or biological features (i) essential to the 
conservation of the species and (ii) that may require special management considerations or protection, and 
2) Specific areas outside the geographical area occupied by a species at the time it is listed upon a 
determination by the Secretary [ of Interior] that such areas are essential for the conservation of the 
species. 



Unit of Coastal Barrier Resources System 

Coastal Barrier (undeveloped) 

Spawning areas critical for the maintenance of fish/shellfish species within river, 
lake, or coastal tidal waters 

Migratory pathways and feeding areas critical for maintenance of andromous fish 
species within river reaches or areas in lakes or coastal tidal waters in which the 
fish spend extended periods of time 

Terrestrial areas utilized for breeding by large or dense aggregations of animals 

National river reach designated as Recreational 

Habitat known to be used by state designated endangered or threatened species 

Habitat known to be used by species under review as to its Federal endangered or 
threatened status 

Coastal Barrier (partially developed) 

Particular areas, relatively small in size, important to maintenance of unique 
biotic communities 

State-designated areas for protection or maintenance of aquatic life 

Wetlands 



Photographs of SWMU 336 taken 16 February 2005 

. - 

Photo 1. SWMU 336 - View of Building AS-4106 facing southeast. 

Photo 2. View from red door of Building AS-4 106 facing northeast. 





Photographs of SWMU 336 taken 16 February 2005 

Photo 5. View of ground surface adjacent to Building AS-4106 near red door. 

Photo 6. Area southwest of Building AS-4106. 



Photographs of SWMU 336 taken 16 February 2005 

Photo 7. Southwest side of Building AS-4106 (viewed facing northeast). 



Baker Environmental, Znc. 

APPENDIX J 

Data Evaluated in the Ecological Risk Assessment 



APPENDIX J 

Sample ID 

Sample Date 

Sample Depth (ft) 

Volatile Organic Compounds ( u g k g )  
I ,l,l-Trichloroethane 
1,1,2,2-Tetrachloroethane 
1 ,I ,2-Trichloro-1,2,2-trifluoroethane 
1,1,2-Trichloroethane 
1 ,I-Dichloroethane 
1,l-Dichloroethene 
1,2,4-Trichlorobenzene 
1,2-Dibromo-3-chloropropane 
1,2-Dibromoethane 
1,2-Dichlorobenzene 
1,2-Dichloroethane 
1,2-Dichloropropane 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
2-Butanone 
2-Hexanone 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
cis-1,2-Dichloroethene 
cis-l,3-Dichloropropene 
Cyclohexane 

DATA EVALUATED IN THE ECOLOGICAL RISK ASSESSMENT 
SWMU 336 

RCRA FACILITY INVESTIGATION ((TO-0091) 
MCB CAMP LEJEUNE, NORTH CAROLINA 

NA - Not analyzed Page 1 of 4 



APPENDIX J 

Sample ID 

Sample Date 

Sample Depth (ft) 

DATA EVALUATED IN THE ECOLOGICAL RISK ASSESSMENT 
SWMU 336 

RCRA FACILITY INVESTIGATION (no-0091)  
MCB CAMP LEJEUNE. NORTH CAROLINA 

Volatile Organic Compounds (ug/kg)(Cont.) 
Dibromochloromethane 
Dichlorodifluoromethane 
Ethylbenzene 
Isopropyl benzene 
Methyl acetate 
Methylcyclohexane 
Methylene chloride 
Methyl-tert-butyl ether (MTBE) 
o-Xylene 
Styrene 
Tetrachloroethene 
Toluene 
trans-1,2-Dichloroethene 
trans-l,3-Dichloropropene 
Trichloroethene 
Trichlorofluoromethane 
Vinyl chloride 
Xylenes (total) 
Semivolatile Organic Compounds (ug/Kg) 
1,l'-Biphenyl 
2,T-Oxybis(l -chloropropane) 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Chloronaphthalene 
2-Chlorophenol 
2-Methylnaphthalene 

NA - Not analyzed Page  2 of 4 



Sample ID 

Sample Date 

Sample Depth (ft) 

APPENDIX J 

DATA EVALUATED IN THE ECOLOGICAL RISK ASSESSMENT 
SWMU 336 

RCRA FACILITY INVESTIGATION ((TO-0091) 
MCB CAMP LEJEUNE. NORTH CAROLINA 

Semivolatile Organic Compounds (ug/Kg)(Cont.) 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3,3'-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-Bromophenyl phenyl ether 
4-Chloro-3-methylphenol 
4-Chloroaniline 
4-Chlorophenyl phenyl ether 
4-Methylphenol 
4-Nitroaniline 
4-Nitrophenol 
Acenaphthene 
Acenaphthylene 
Acetophenone 
Anthracene 
Atrazine 
Benzaldehyde 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(g,h,i)perylene 
Bis(2-chloroethoxy)methane 
Bis(2-Chloroethyl) ether 
Bis(2-ethylhexy1)phthalate 
Butyl benzyl phthalate 
Caprolactam 
Carbazole 
Chrysene 

NA - Not analyzed Page  3 of 4 



APPENDIX J 

Sample ID 

Sample Date 

Sample Depth (ft) 

DATA EVALUATED IN THE ECOLOGICAL RISK ASSESSMENT 
SWMU 336 

RCRA FACILITY INVESTIGATION (CTO-0091) 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Semivolatile Organic Compounds (uglKg)(Cont.) 
Dibenz(a,h)anthracene 
Dibenzofuran 
Diethyl phthalate 
Dimethyl phthalate 
Di-n-butyl phthalate 
Di-n-octylphthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno(l,2,3-cd)pyrene 
Isophorone 
Naphthalene 
Nitrobenzene 
n-Nitroso-di-n-propylamine 
n-Nitrosodiphenylamine 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
Total Metals (mgKg) 
Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 
Silver 

NA - Not analyzed Page 4 of 4 



APPENDIX I 

Volatile Organic Compounds ( u g k g )  
1 ,I, 1 -Trichloroethane 
1 ,I ,2,2-Tetrachloroethane 
1,1,2-Trichloro-1,2,2-trifluoroethane 
1,1,2-Trichloroethane 
I ,I-Dichloroethane 
l,l-Dichloroethene 
1,2,4-Trichlorobenzene 
1,2-Dibromo-3-chloropropane 
1,2-Dibromoethane 
1,2-Dichlorobenzene 
1,2-Dichloroethane 
1,2-Dichloropropane 
I,3-Dichlorobenzene 
1,4-Dichlorobenzene 
2-Butanone 
2-Hexanone 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Bromodichlorornethane 
Bromofonn 
Bromomethane 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
cis-1,2-Di~hl0r0ethene 
cis-I,3-Dichloropropene 
Cyclohexane 

DATA EVALUATED IN THE ECOLOGICAL RISK ASSESSMENT 
SWMU 336 

RCRA FACILITY INVESTIGATION (CI'O-0091) 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Minimum Maximum Minimum Maximum Frequency Arithmatic Mean Median Arithmatic Mean Standard Upper 95% 
Non-Detect Non-Detect Detected Detected of Detection Positive Detects Positive Detects Half Non-Detects Deviation Confidence Level 

NA - Not applicable 



APPENDIX I 

Volatile Organic Compounds (ug/kg)(Cont.) 
Dibromochloromethane 
Dichlorodifluoromethane 
Ethylbenzene 
Isopropylbenzene 
m- and p Xylenes 
Methyl acetate 
Methylcyclohexane 
Methylene chloride 
Methyl-tea-butyl ether (MTBE) 
o-Xylene 
Styrene 
Tetrachloroethene 
Toluene 
trans-l,2-Dichloroethene 
trans-l,3-Dichloropropene 
Trichloroethene 
Trichlorofluoromethane 
Vinyl chloride 
Xylenes (total) 
Semivolatile Organic Compounds (ug/kg) 
1 ,I1-Biphenyl 
2,2'-Oxybis(1 -chloropropane) 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Chloronaphthalene 
2-Chlorophenol 

DATA EVALUATED IN THE ECOLOGICAL RISK ASSESSMENT 
SWMU 336 

RCRA FACILITY INVESTIGATION (CTO-0091) 
MCB CAMP LEJEUNE. NORTH CAROLINA 

Minimum Maximum Minimum Maximum Frequency Arithmatic Mean Median Arithmatic Mean Standard Upper 95% 
Non-Detect Non-Detect Detected Detected of Detection Positive Detects Positive Detects Half Non-Detects Deviation Confidence Level 

NA -Not applicable Page 2 of 8 



Semivolatile Organic Compounds (ug/kg)(Cont.) 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3,3'-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-Bromophenyl phenyl ether 
4-Chloro-3-methylphenol 
4-Chloroaniline 
4-Chlorophenyl phenyl ether 
4-Methylphenol 
4-Nitroaniline 
4-Nitrophenol 
Acenaphthene 
Acenaphthylene 
Acetophenone 
Anthracene 
Atrazine 
Benzaldehyde 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(g,h,i)perylene 
Bis(2-chloroethoxy)methane 
Bis(2-Chloroethyl)ether 
Bis(2-ethylhexy1)phthalate 
Butyl benzyl phthalate 
Caprolactam 
Carbazole 

APPENDIX I 

DATA EVALUATED IN THE ECOLOGICAL RISK ASSESSMENT 
SWMU 336 

RCRA FACILITY INVESTIGATION ((TO-0091) 
MCB CAMP LEJEUNE. NORTH CAROLINA 

Minimum Maximum Minimum Maximum Frequency Arithmatic Mean Median Arithmatic Mean Standard Upper 95% 
Non-Detect Non-Detect Detected Detected of Detection Positive Detects Positive Detects Half Non-Detects Deviation Confidence Level 

NA - Not applicable 



APPENDIX I 

Semivolatile Organic Compounds (ug/kg)(Cont.) 
Chrysene 
Dibenz(a,h)anthracene 
Dibenzofuran 
Diethyl phthalate 
Dimethyl phthalate 
Di-n-butyl phthalate 
Di-n-octylphthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno(l,2,3-cd)pyrene 
Isophorone 
Naphthalene 
Nitrobenzene 
n-Nitroso-di-n-propylamine 
n-Nitrosodiphenylamine 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
Total Metals (mgkg) 
Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 
Silver 

DATA EVALUATED IN THE ECOLOGICAL RISK ASSESSMENT 
SWMU 336 

RCRA FACILITY INVESTIGATION ((TO-0091) 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Minimum Maximum Minimum Maximum Frequency Arithmatic Mean Median Arithmatic Mean Standard Upper 95% 
Non-Detect Non-Detect Detected Detected of Detection Positive Detects Positive Detects Half Non-Detects Deviation Confidence Level 

NA - Not applicable Page 4 of 8 



Volatile Organic Compounds (ugkg) 
I ,  I, I-Trichloroethane 
1,1,2,2-Tetrachloroethane 
1 ,I ,2-Trichloro-l,2,2-trifluoroethane 
1 ,I ,2-Trichloroethane 
I ,I -Dichloroethane 
I , I  -Dichloroethene 
1,2,4-Trichlorobenzene 
1,2-Dibromo-3-chloropropane 
1,2-Dibromoethane 
1,2-Dichlorobenzene 
1,2-Dichloroethane 
1,2-Dichloropropaoe 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
2-Butanone 
2-Hexanone 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
cis-l,2-Dichloroethene 
cis-1.3-Dichloropropene 
Cyclohexane 

APPENDIX I 

DATA EVALUATED IN THE ECOLOGICAL RISK ASSESSMENT 
SWMU 336 

RCRA FACILITY INVESTIGATION (CTO-0091) 
MCB CAMP LEJEUNE. NORTH CAROLINA 

Log Arithmatic Mean Log Standard Degree of H Statistic Log Upper 95% Location of 
Half Non-Detects Deviation Freedom Confidence Level Maximum Detect 

NA - Not applicable 



APPENDIX I 

Volatile Organic Compounds (ug/kg)(Cont.) 
Dibromochloromethane 
Dichlorodifluoromethane 
Ethylbenzene 
Isopropylbenzene 
m- and p- Xylenes 
Methyl acetate 
Methylcyclohexane 
Methylene chloride 
Methyl-tert-butyl ether (MTBE) 
o-Xylene 
Styrene 
Tetrachloroethene 
Toluene 
trans-l,2-Dichloroethene 
trans-l,3-Dichloropropene 
Trichloroethene 
Trichlorofluoromethane 
Vinyl chloride 
Xylenes (total) 
Semivolatile Organic Compounds (ugikg) 
1 ,l'-Biphenyl 
2,2'-Oxybis(1 -chloropropane) 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,6-D~nitrotoluene 
2-Chloronaphthalene 
2-Chlorophenol 

DATA EVALUATED IN THE ECOLOGICAL RISK ASSESSMENT 
SWMU 336 

RCRA FACILITY INVESTIGATION (CTO-0091) 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Log Arithmatic Mean Log Standard Degree of H Statistic Log Upper 95% Location of 
Half Non-Detects Deviation Freedom Confidence Level Maximum Detect 

Not applicable Page 6 of 8 



APPENDIX I 

Semivolatile Organic Compounds (ug/kg)(Con 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3,3'-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-Bromophenyl phenyl ether 
4-Chloro-3-methylphenol 
4-Chloroaniline 
4-Chlorophenyl phenyl ether 
4-Methylphenol 
4-Nitroaniline 
4-Nitrophenol 
Acenaphthene 
Acenaphthylene 
Acetophenone 
Anthracene 
Atrazine 
Benzaldehyde 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(g,h,i)perylene 
Bis(2-chloroethoxy)methane 
Bis(2-Chloroethy1)ether 
Bis(2-ethylhexy1)phthalate 
Butyl benzyl phthalate 
Caprolactam 
Carbazole 

DATA EVALUATED IN THE ECOLOGICAL RISK ASSESSMENT 
SWMU 336 

RCRA FACILITY INVESTIGATION (CTO-0091) 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Log Arithmatic Mean Log Standard Degree of H Statistic Log Upper 95% Location of 
Half Non-Detects Deviation Freedom Confidence Level Maximum Detect 

NA - Not applicable Page 7 of 8 



APPENDIX I 

DATA EVALUATED IN THE ECOLOGICAL RISK ASSESSMENT 
SWMU 336 

RCRA FACILITY INVESTIGATION (CTO-0091) 
MCB CAME' LEJEUNE, NORTH CAROLINA 

Log Arithmatic Mean Log Standard Degree of H Statistic Log Upper 95% Location of 
Half Non-Detects Deviation Freedom Confidence Level Maximum Detect 

Semivolatile Organic Compounds (ug/kg)(Con 
Chrysene 
Dibenz(a,h)anthracene 
Dibenzofuran 
Diethyl phthalate 
Dimethyl phthalate 
Di-n-butyl phthalate 
Di-n-octylphthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno(l,2,3-cd)pyrene 
Isophorone 
Naphthalene 
Nitrobenzene 

n-Nitrosodiphenylamine 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
Total Metals (mg/kg) 
Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 
Silver 

NA - Not applicable Page 8 of 8 


